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Bureau or EnTomMo.oey, 
Washington, D. C., March 24, 1911. 
Sm: I have the honor to transmit herewith a manuscript, entitled 
“Some Facts About Malaria,” which has been drafted to meet a 
strong demand for such information from persons connected with 


agricultural pursuits in various parts of the country, and more espe- 
cially in the South. I recommend its publication as a Farmers’ 
Bulletin. 
Respectfully, L. O. Howarp, 
Entomologist and Chief of Bureau. 


Hon. James WILson, 
Secretary of Agriculture. 
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SOME FACTS ABOUT MALARIA. 


INTRODUCTION. 


It is a noticeable fact that in most parts of the world where anti- 
mosquito measures have been undertaken on a large scale the work 
has been done with the direct end of doing away with mosquito-borne 
diseases. In the United States, however, such antimosquito work as 
has been undertaken has almost invariably been done with the direct 
incentive of simply ridding communities or localities from a great 
nuisance. Almost the only exception has been the work done on 
Staten Island by Dr. Doty, the health officer of New York. 

There are, however, many localities in the United States where 
malaria is prevalent, and some in which the existence of the disease 
in an aggravated form is a serious barrier to agricultural or indus- 
trial development. It has been shown, for example, that, agricul- 
turally speaking, the lands of the Delta region of Mississippi and 
adjoining States are the richest in the whole world, with the possible 
exception of the delta of the Nile, and yet, on account of the extraor- 
dinary prevalence of malaria in this region, it is sparsely settled 
and land prices are low. The advance of the cotton-boll weevil 
into this section has had its customary effect of driving a consid- 
erable proportion of the negro labor into other regions not yet 
invaded, and unless the country is to become impoverished it will be 
necessary to import white labor. Negroes are more or less resistant 
to malaria, but this will not be true of the white labor coming into 
this region, which will undoubtedly become rapidly infected with 
the disease. 

Malaria is not a difficult disease to fight. This has been shown in 
many parts of the world—in Italy, in Cuba, in Panama, in West 
Africa, in India, in Egypt, and elsewhere. People, generally, should 
know the exact truth about the disease and what is to be done. 
The efforts of individuals, after they have acquired the proper know]l- 
edge, will have an effect upon the malaria rate, while with a general 
knowledge of these facts community work must come sooner or later. 

In the pages which follow, the statements regarding the disease 
itself are partly drawn, with the permission of the American pub- 
lishers, from an admirable summary prepared by Dr. Ronald Ross, 


1See Ronald Ross, The Prevention of Malaria. London, John Murray; New York, 
E. P. Dutton & Co. 
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of the Liverpool School of Tropical Medicine, who was the first dis- 
coverer of the relation between malaria and mosquitoes, something 
over 12 years ago, in India. His results were soon confirmed by 
workers in many parts of the world, and the statements here made 
are accepted by the best physicians of all countries. 


THE DISEASE AND ITS CAUSE. 


The disease known as malaria, or fever and ague, or chills and 
fever, or marsh fever, and the varieties called intermittent fever, 
remittent fever, and pernicious fever, are caused by parasites in the 
blood which feed upon the red blood cells. 

Malaria occurs more or less in all warm climates, especially in the 
summer after rains and near marshy ground. It is said to cause one- 
fourth or more of all the sickness in the Tropics. 

The parasites in the blood are microscopic one-celled animals 
called plasmodia. 

These minute parasites are introduced into the blood through the 
proboscis of certain mosquitoes of the genus Anopheles. 

On being introduced in this way, each parasite enters one of the 
red blood cells, in which it lives and grows. 

When full grown, each parasite divides and thus produces a num- 
ber of spores, which escape from the blood cell and enter fresh cells. 
This method of propagation may continue for years. 

Although only a few of the parasites may have been introduced 
originally through the beak of the mosquito, they rapidly increase 
until millions upon millions of them may exist in the blood. 

At first, when the number of parasites is still small, an infected 
person may remain apparently well. When, however, the number 
is large enough, he begins to suffer from fever. 

The parasites tend to produce their spores all at the same time, 
and it is at the moment when these spores escape from the blood 
cells, almost simultaneously, that the fever begins. 

The fever is probably caused by a little poison which escapes from 
each parasite with the spores. 

After from 6 to 40 hours or more this poison is eliminated from 
the patient’s system and his fever tends to leave him. 

In the meantime, however, a new generation of parasites from 
the spores is approaching maturity; and when this is reached they 
in their turn break up and cause another attack of the fever like the 
first, and so on indefinitely for months and months. In this way the 
attacks of the fever follow each other at regular intervals. 

But it often happens, as the result of repeated infections, that a 
new attack has commenced before the former one has ceased, so that 
they overlap and the fever continues. 
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After a time, even without treatment, the number of parasites may 
decrease until not enough of them are left to produce fever, in which 
vase the patient improves temporarily. 

It generally happens, however, sooner or later, that the number of 
parasites increases again, and the patient again suffers from a series 
of attacks. 

Such relapses are frequently encouraged by fatigue, heat, chill, 
wetting, dissipation, or illness, and they may occur at intervals for a 
long time after the patient was first infected by the mosquito, and 
even after he has moved to localities where there is no malaria. 

Besides fever, these malarial parasites often produce anemia and 
enlargement of the spleen, especially with patients who have suf- 
fered many relapses. 

Death is often caused in malarial patients by other diseases, such 
as pneumonia or dysentery, the system being already weakened by 
the malarial parasites. 

If the patient survives, the parasites tend to die out of themselves, 
without treatment, after a long period of illness, leaving him more 
or less immune. 

The parasites are of at least three kinds, which can be easily dis- 
tinguished in the blood if placed under the microscope. These are 
(1) a parasite which produces its spores every three days and causes 
what is called quartan fever; (2) a parasite which produces its spores 
every other day and causes tertian fever; (3) parasites which cause 
the so-called malignant fever or pernicious malaria, which is of an 
irregular type and in which dangerous complications most frequently 
occur. 

Quinine kills the parasites when administered at the proper time; 
but generally it will not destroy all the parasites in the body unless 
it is given in sufficient doses and continued for several months. As 
long as a single parasite remains alive in the blood, the patient may 
be subject to relapses. Ross advises that at least 5 grains of sulphate 
of quinine should be taken by an adult patient every day without fail 
for four months, but he should consult a physician regarding the 
details of the treatment. : 


METHOD OF INFECTION. 


The malaria parasite has several different stages. Aside from 
those forms which produce spores in the body, there are other 
stages—male and female. When one of these anopheline mosquitoes, 
which carries malaria, happens to feed on a patient whose blood con- 
tains parasites, these are sucked, with the blood, into the mosquito’s 
stomach. 

If the sexual forms of the parasites are present, those of opposite 
sexes at once unite. The parasite now undergoes certain changes in 
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the mosquito’s stomach. It passes through the stomach wall and 
finally affixes itself to its outer surface. 

Here it grows very considerably and, after a week under favorable 
conditions, produces a large number of spores. 

These spores, thus entering the general body cavity of the mosquito, 
find their way into the salivary glands. These glands secrete the 
irritating fluid injected under the human skin when the mosquito 
begins to feed. 

Thus, when one of these mosquitoes, which has fed upon a malarial 
patient containing the sexual forms of the parasites, bites, after a 
week, another person, it injects these spores together with its saliva 
under his skin and generally into his blood. 

These spores now cause or may cause infection or reinfection in 
this second person. 

Thus the parasites of malaria pass from men to certain mosquitoes 
and back from these mosquitoes to men. 

Malarial fever is then an infectious disease, which is carried from 
the sick to the healthy by anopheline mosquitoes, and only in this 
way can it be contracted. 

It has always been known that malaria is most prevalent in the 
vicinity of marshes, and it was formerly supposed that the air or 
exhalations from these marshes produced the disease. Parasites of 
malaria have not been found in the water or air of marshes, nor in 
decaying vegetation, nor in the soil, although they have been dili- 
gently searched for. Attempts to produce infection by these agencies 
have always failed. The mosquitoes which carry these parasites, 
however, breed in marshes or in marshy pools and streams. 

Issuing from these breeding places, they enter nearby houses and 
feed upon the inmates, mostly at night, biting first one person and 
then others, and living for weeks or months. 

If an infected person happens to be present in any of these houses, 
the anopheline mosquitoes biting him will also become infected, and 
the disease is likely, ultimately, to be carried by these mosquitoes to 
others and to neighboring houses. 

Thus a whole neighborhood soon becomes infected and the locality 
is called malarious. In such localities it is easy to find the parasites 
of malaria in the proper mosquitoes. Sometimes 25, per cent or more 
of them are found to be infected. 

In malarious localities the anopheline mosquitoes bite the healthy 
new-born children and infect many of them. 

Such children if not thoroughly treated may remain infected for 
years. They may become anemic and possess enlarged spleens, and 
of course may spread the infection to others. 

In malarious localities almost every child has been found to con- 
tain the parasites of malaria or to possess an enlarged spleen. 
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SOME FACTS ABOUT MALARIA, 9 


In such a locality, therefore, the infection is constantly passed on 
by means of the mosquitoes from the older children or from adults to 
the newly born infants, so that the locality may remain malarious for 
very many years, in fact indefinitely. 

In the same way a newcomer arriving in such a locality will very 
probably become infected, especially if he sleeps in an infected house, 
even for one night, at a time when mosquitoes are flying and biting. 
A locality is malarious only when it contains persons infected with 
the parasites, and also sufficient numbers of the proper species of 
mosquitoes to carry the infection to the healthy persons. 





ve _ 
Fic. 1.—Anopheles quadrimaculatus: Male and female mosquitoes. Greatly enlarged. 
(Original. ) 


THE MALARIAL MOSQUITOES. 


There are in the United States only three species of. mosquitoes 
which commonly carry malaria, namely, Anopheles quadrimaculatus 
Say, Anopheles crucians Wied., and Anopheles punctipennis Say. 
Several other species of Anopheles are occasionally found, but are not 
important malarial factors. 

Anopheles quadrimaculatus (figs. 1, 4, 5, 6) is commonly found in 
the more Northern States, and A. crucians (fig. 2) more abundantly 


| in the Southern States, particularly in the coastal region. 


A. punctipennis (fig. 3) occurs .in both Northern and Southern 
States. It has been found to carry quartan and tertian malaria in 
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10 SOME FACTS ABOUT MALARIA. 


the South, but not in the North. A number of experiments have been 
made with this species in the North, and especially at Baltimore and 
New York, to see if it will carry malarial parasites, but without 
success. 

The anopheline mosquitoes are distinguished from most other mos- 
quitoes of the United States by the fact that their wings are more or 
less spotted, and that in resting on the wall their bodies incline away 
from the wall at an angle, while with most others the body is parallel 





Fic. 2.—Anopheles crucians: Female mosquito. Greatly enlarged. (Original.) 


to the wall. The females also have palpi which are nearly as long as 
the proboscis, or beak. 

The Anopheles mosquitoes above mentioned pass the winter as 
adults. In the autumn they enter houses, stables, barns, or other out- 
houses, or seek other sheltered hiding places, and remain there until 
spring. They are often found in the winter in numbers in the cellars 
of houses, where they may be killed by fumigation. 

These mosquitoes, as a rule, bite only after sundown. Anopheles 
crucians has on rare occasions been known to bite during the day, as 
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SOME FACTS ABOUT MALARIA, 11 


has A. punctipennis. This has not been recorded of A. guadrimacu- 
latus. 

They do not fly far. It is doubtful whether any of these species 
ever flies for more than half a mile. 

These Anopheles mosquitoes breed in all sorts of accumulations of 
standing water, in pools, springs, watering troughs, in the footprints 
of cattle in marshy land, and in marshes where fish are not abundant, 
in drains and gutters choked with grass or weeds, in old boats along 
the waterfronts, in hollows in rocks, in the backwaters of even rapid 
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Fic. 3.—Anopheles punctipennis: Female mosquito. Greatly enlarged. (Original.) 


streams, in earthenware vessels, in water barrels and tubs, in cess- 
pools, and all places carrying water accumulations, whether pure or 
foul. Anopheles crucians and A. quadrimaculatus have even been 
found breeding in brackish water along the seacoast. 

The minute, blackish eggs (fig. 4) are laid on the surface of the 
water and are found floating on their sides singly or in groups. 

Their larvee do not hang from the surface of the water by the tail, 
as do other mosquito larve or “ wrigglers” when at rest, but lie flat 
at the surface, with their heads turned upside down, feeding upon 
minute floating particles at or near the surface (fig. 5). 
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Their growth is rather rapid, and they may in midsummer reach 
full size in two weeks after hatching. 

When full grown these larve transform to pupe (fig. 6) and re- 
main in this stage at the surface of the water for three or more days, 
when the adult mosqui- 
toes issue. ° 


PREVENTION AND CURE, 


There are now three 
recognized means of war- 
fare against malaria: (1) 
The mechanical _ protec- 
tion of individuals from 
the bites of malarial mos- 
quitoes; (2) the destruc- 
tion of the Anopheles 
mosquitoes in any or all 
of their different stages of 
growth; (3) the system- 
atic treatment of the pop- 
ulation of a malarious lo- 
wy sality with quinine until 
Fic. 4.—Anopheles quadrimaculatus: Eggs. Highly the malaria has been 

magnified. (Original.) 
stamped out and there are 
none of the parasites which cause this disease for the Anopheles mos- 
quitoes to carry. 

The first of these methods is largely a matter of personal preven- 
tion, and consists in thoroughly screening all habitations of human 
beings and, in the summer time, of wearing veils and gloves when 
out of doors after sundown. This method was systematically en- 
forced at the stations on the 
Italian railroads some years 
since and resulted in a very 
great reduction in the malaria 








rate. Fig. 5.—Anopheles quadrimaculatus: Larva 
7 aoa ; aces ‘ in resting position. Greatly enlarged. 
The second measure, that of (Original.) 


destroying the Anopheles, has 
been practiced with admirable success in Cuba, in Panama, in West 
Africa, in Egypt, and in certain localities in India. The measures of 


mosquito destruction used in these localities and elsewhere are de- | 


scribed in a companion Farmers’ Bulletin (No. 444). 

The quininization method, or cinchonization method as it is called 
by the Germans and the Italians, has been used by the Germans in 
East Africa and by the Italians and, to some extent, by the English 
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SOME FACTS ABOUT MALARIA, 13 


in India. In Italy, by the means of mechanical protection, the 
malaria rate was reduced from 65 or 70 per cent down to 14 per cent, 
but here it held. The quininization 
method was then introduced, and the 
general malaria rate for Italy has by its 
means been reduced to less than 4 per 
cent. 

This method consists in the distribu- 
tion of free quinine to all laborers and 
to the poor living in malarious locali- 
ties. The quinine is prepared in its 





most agreeable form, as confectionery an 

and principally as chocolates, the latter — py¢,¢— Anopheles quadrimaculatus. 

containing tannate of quinine, which — Greatly enlarged. (Origi 
r nal.) 


is not so bitter. It is more easy to 
induce children and those adults who can not tolerate the ordinary 
quinine salts to take the quinine in this form. 


[A list giving the titles of all Farmers’ Bulletins available for distribution will be 
sent free upon application to a Member of Congress or the Secretary of Agriculture: | 
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ALARIAL FEVER is a disease which is carried 
from the sick to the healthy by certain kinds of 
mosquitoes known as “anopheles” or “anophelines.” 


These anopheles. mosquitoes are distinguished 
from most other mosquitoes of the United States by 
the fact that their wings are more or less spotteg, 
and that in resting on the wall their bodies incline 
away from the wall at an angle, while with most 
others the body is parallel to the wall. The female 
mosquitoes also have palpi (mouth feelers) which 
ere nearly as long as the beak. 


This bulletin gives a brief account of the disease 
and of the microscopic parasite which causes it, tells 
how persons become infected, describes the life and 
habits of the principal mosquitoes which carry the 
disease in the United States, and shows how it can be 
stamped out and persons cured who have been so 
unfortunate as to contract it. 
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MOSQUITOES NOT MERELY A NUISANCE. 


It is a noticeable fact that in most parts of the world where anti- 
mosquito measures have been undertaken on a large scale the work 
has been done with the direct end of doing away with mosquito-borne 
diseases. In the United States, however, little direct antimalarial 
work was done until we entered the great war, when the Medical 
Department of the Army took up this work in the great cantonments 
and the United States Public Health Service endeavored to control 
the malarial mosquitoes in the areas bordering the camps. 

There are, however, many other localities in the United States where 
malaria is prevalent, and some in which the existence of the disease 
in an aggravated form is a serious barrier to agricultural or indus- 
trial development. It has been shown, for example, that, agricul- 
turally speaking, the lands of the Delta region of Mississippi and 
adjoining States are the richest in the whole world, with the possible 
exception of the delta of the Nile, and yet, on account of the extraor- 
dinary prevalence of malaria in this region, it is sparsely settled 
and land prices are low. The advance of the cotton-boll weevil 
into this section has had its customary effect of driving a consid- 
erable proportion of the negro labor into other regions not yet 
invaded, and unless the country is to become impoverished it will be 
necessary to import white labor. Negroes are more or less resistant 
to malaria, but this will not be true of the white labor coming into 
this region, which will undoubtedly become rapidly infected with 
the disease. 

Malaria is not a difficult disease to fight. This has been shown in 
many parts of the world—in Italy, in Cuba, in Panama, in West 
Africa, in India, in Egypt, and elsewhere. People, generally, should 
know the exact truth about the disease and what is to be done. 
The efforts of individuals, after they have acquired the proper knowl- 
edge, will have an effect upon the malaria rate, while with a general 
knowledge of these facts community work must come sooner or later. 

In the pages which follow, the statements regarding the disease 
itself are partly drawn, with the permission of the American pub- 

108197°—19—Bull. 450 3 









4. FARMERS’ BULLETIN 450. 


lishers, from an admirable summary prepared by Dr. Ronald Ross,* 
of the Liverpool School of Tropical Medicine, who was the first dis- 
coverer of the relation between malaria and mosquitoes, something 
over 20 years ago, in India. His results were soon confirmed by 
workers in many parts of the world, and the statements here made 
are accepted by the best physicians of all countries. 


THE DISEASE AND ITS CAUSE. 












The disease known as malaria, or fever and ague, or chills and 
fever, or marsh fever, and the varieties called intermittent fever, 
remittent fever, and pernicious fever, are caused by parasites in the 
blood which feed upon the red blood cells. 

Malaria occurs more or less in all warm climates, especially in the 
summer after rains and near marshy ground. It is said to cause one- 
fourth or more of all the sickness in the Tropics. 

The parasites in the blood are microscopic one-celled animals 
called plasmodia. 

These minute parasites are introduced into the blood through the 
proboscis of certain mosquitoes of the genus Anopheles, 

On being introduced in this way, each parasite enters one of the 
red blood cells, in which it lives and grows. 

When full grown, each parasite divides and thus produces a num- 
ber of spores, which escape from the blood cell and enter fresh cells, 
This method of propagation may continue for years. 

Although only a few of the parasites may have been introduced 
originally through the beak of the mosquito, they rapidly increase 
until millions upon millions of them may exist in the blood. 

At first, when the number of parasites is still small, an infected 
person may remain apparently well. When, however, the number 
is large enough, he begins to suffer from fever. 

The parasites tend to produce their spores all at the same time, 
and it is at the moment when these spores escape from the blood 
cells, almost simultaneously, that the fever begins. 

The fever is probably caused by a little poison which escapes from 
each parasite with the spores. 

After from 6 to 40 hours or more this poison is eliminated from 
the patient’s system and his fever tends to leave him. 

In the meantime, however, a new generation of parasites from 
the spores is approaching maturity;,and when this is reached they 
in their turn break up and cause another attack of fever like the 
first, and so on indefinitely for months and months. In this way the 
attacks of the fever follow each other at regular intervals. 

But it often happens, as the result of repeated infections, that a 
new attack has commenced before the former one has ceased, so that 
they overlap and the fever continues. 
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1See Ronald Ross, The Prevention of Malaria. 
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After a time, even without treatment, the number of parasites may 
decrease until not enough of them are left to produce fever, in which 
case the patient improves temporarily. 

It generally happens, however, sooner or later, that the number of 
parasites increases again, and the patient again suffers from a series 
of attacks. 

Such relapses are frequently encouraged by fatigue, heat, chill, 
wetting, dissipation, or illness, and they may occur at intervals for a 
long time after the patient was first infected by the mosquito, and 
even after he has moved to localities where there is no malaria. 

Besides fever, these malarial parasites often produce anemia and 
enlargement of the spleen, especially with patients who have suf- 
fered many relapses. 

Death is often caused in malarial patients by other diseases, such 
as pneumonia or dysentery, the system being already weakened by 
the malarial parasites. 

If the patient survives, the parasites tend to die out of themselves, 
without treatment, after a long period of illness, leaving him more 
or less immune. 

The parasites are of at least three kinds, which can be easily dis- 
tinguished in the blood if placed under the microscope. These are 
(1) a parasite which produces its spores every three days and causes 
what is called quartan fever; (2) a parasite which produces its spores 
every other day and causes tertian fever; (3) parasites which cause 
the so-called malignant fever or pernicious malaria, which is of an 
irregular type and in which dangerous complications most frequently 
occur. 

Quinine kills the parasites when administered at the proper time; 
but generally it will not destroy all the parasites in the body unless 
it is given in sufficient doses and continued for several months. As 
long as a single parasite remains alive in the blood, the patient may 
be subject to relapses. Ross advises that at least 5 grains of sulphate 
of quinine should be taken by an adult patient every day without fail 
for four months, but he should consult a physician regarding the | 
details of the treatment. 


HOW MALARIA SPREADS. 


The malaria parasite has several different stages. Aside from 
those forms which produce spores in the body, there are other 
stages—male and female. When one of these anopheline mosquitoes, 
which carries malaria, happens to feed on a patient whose blood con- 
tains parasites, these are sucked, with the blood, into the mosquito’s 
stomach. 

If the sexual forms of the parasites are present, those of opposite 
sexes at once unite. The parasite now undergoes certain changes in 
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the mosquito’s stomach. It passes through the stomach wall and 
finally affixes itself to its outer surface. 

Here it grows very considerably and, after a week under favorable 
conditions, produces a large number of spores. 

These spores, thus entering the general body cavity of the mosquito, 
find their way into the salivary glands. These glands secrete the 
irritating fluid injected under the human skin when the mosquito 
begins to feed. 

Thus, when one of these mosquitoes, which has fed upon a malarial 
patient containing the sexual forms of the parasites, bites, after a 
week, another person, it injects these spores together with its saliva 
under his skin and generally into his blood. 

These spores now cause or may cause infection or reinfection in 
this second person. 

Thus the parasites of malaria pass from men to certain mosquitoes 
and back from these mosquitoes to men. 

Malaria] fever is then an infectious disease, which is carried from 
the sick to the healthy by anopheline mosquitoes, and only in this 
way can it be contracted. 

It has always been known that malaria is most prevalent in the 
vicinity of marshes, and it was formerly supposed that the air or 
exhalations from these marshes produced the disease. Parasites of 
malaria have not been found in the water or air of marshes, nor in 
decaying vegetation, nor in the soil, although they have been dili- 
gently searched for. Attempts to produce infection by these agencies 
have always failed. The mosquitoes which carry these parasites, 
however, breed in marshes or in marshy pools and streams. 

Issuing from these breeding places, they enter near-by houses and 
feed upon the inmates, mostly at night, biting first one person and 
then others, and living for weeks or months. 

If an infected person happens to be present in any of these houses, 
the anopheline mosquitoes biting him will also become infected, and 
the disease is likely, ultimately, to be carried by these mosquitoes to 
others and to neighboring houses. 

Thus a whole neighborhood soon becomes infected and the locality 
is called malarious. In such localities it is easy to find the parasites 
of malaria in the proper mosquitoes. Sometimes 25 per cent or more 
of them are found to be infected. 

In malarious localities the anopheline mosquitoes bite the healthy 
new-born children and infect many of them. 

Such children if not thoroughly treated may remain infected for 
years. They may become anemic and possess enlarged spleens, and 
of course may spread the infection to others. 

In malarious localities almost. every child has been found to con- 
tain the parasites of malaria or to possess an enlarged spleen. 
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In such a locality, therefore, the infection is constantly passed on 
by means of the mosquitoes from the older children or from adults to 
the newly born infants, so that the locality may remain malarious for 
very many years, in fact indefinitely. 

In the same way a newcomer arriving in such a locality will very 
probably become infected, especially if he sleeps in an infected house, 
even for one night, at a time when mosquitoes are flying and biting. 
A locality is malarious only when it contains persons infected with 
the parasites, and also sufficient numbers of the proper species of 
mosquitoes to carry the infection to the healthy persons. 


Fic. 1.—Anopheles quadrimaculatus: Male and female mosquitves. Greatly enlarged. 
(Original. ) 


THE MALARIAL MOSQUITOES. 


There are in the United States only three species of mosquitoes 
which commonly carry malaria, namely, Anopheles quadrimaculatus 
Say, Anopheles crucians Wied., and Anopheles punctipennis Say. 
Several other species of Anopheles are occasionally found, but are 
not important malarial factors. 

Anopheles quadrimaculatus (figs. 1, 4, 5, 6) is commonly found in 
the more Northern States, and A. crucians (fig. 2) more abundantly 
in the Southern States, particularly in the coastal region. 

A. punctipennas (fig. 3) occurs in both Northern and Southern 
States. It has been found to carry quartan and tertian malaria in 
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the South, but not in the North. A number of experiments have been 
made with this species in the North, and especially at Baltimore and 
New York, to see if it will carry malarial parasites,-but without 
success. 

The anopheline mosquitoes are distinguished from most other mos- 
quitoes of the United States by the fact that their wings are more or 
less spotted, and that in resting on the wall their bedies incline away 
from the wall at an angle, while with most others the body is parallel 


I'ic. 2.—Anopheles crucians: Female mosquito. Greatly enlarged. (Original.) 


to the wall. The females also have palpi which are nearly as long as 
the proboscis, or beak. 

The Anopheles mosquitoes above mentioned pass the winter as 
adults. In the autumn they enter houses, stables, barns, or other out- 
houses, or seek other sheltered hiding places, and remain there until 
spring. They are often found in the winter in numbers in the cellars 
of houses, where they may be killed by fumigation. 

These mosquitoes, as a rule, bite only after sundown. Anopheles 
crucians has on rare occasions been known to bite during the day, as 
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has A. punctipennis. This has not been recorded of A. quadrimacu- 
latus. 

They do not fly far. It is doubtful whether any of these species 
ever flies for more than half a mile. 

These Anopheles mosquitoes breed in all sorts of accumulations of 
standing water, m pools, springs, watering troughs, m the foot- 
prints of cattle in marshy land, and im marshes where fish are not 
abundant, in drains and gutters choked with grass or weeds, in old 
boats along the waterfronts, in hollews in rocks, in the backwaters of 


Fic. 3.—Anopheles punctipennis: Female mosquite. Greatly enlarged, (Original.) 


even rapid streams, in earthenware vessels, in water barrels and tubs, 
in cesspools, and all places carrying water accumulations, whether 
pure or fovl. Anopheles crucians and A. quadrimaculatus have even 
been found breeding in brackish water along the seacoast. 

The minute, brackish eggs (fig. 4) are laid on the surface of the 
water and are found floating on their sides singly or in groups. 

Their larve do not hang from the surface of the water by the tail, 
as do other mosquito larve or “ wrigglers ” when at rest, but lie flat 
at the surface, with their heads turned upside down, feeding upon 
minute floating particles, at or near the surface (fig. 5). 





10 FARMERS’ BULLETIN 450, 


Their growth is rather rapid, and they may in midsummer reach 
full size in two weeks after hatching. 
When full grown these larve transform to pupe (fig. 6) and 
remain in this stage at the surface of the water for three or more 
days, when the adult mos- 
quitoes issue. 


PREVENTION AND CURE. 


There are now three 
recognized means of war- 
fare against malaria: (1) 
The mechanical protection 
of individuals from the 
bites of malarial mosqui- 
toes; (2) the destruction 
of the Anopheles mosqui- 
toes in any or all of their 
different stages of growth; 
(3) the systematic treat- 
ment of the population of 
a malarious locality with 

= quinine until the malaria 

Fig, 4.—Anopheles quadrimaculatus: Bggs. Highly has been stamped _ out 

ae and there are none of the 
parasites which cause this disease ror the Anopheles mosquitoes to 
carry. 

The first of these methods is largely a matter of personal preven- 
tion, and consists in thoroughly screening all habitations of human 
beings and, in the summer time, of wearing veils and gloves when 
out of doors after sundown. This method was systematically en- 
forced at the stations on the 
Italian railroads some years 
since and resulted in a very 
great reduction in the malaria 
rate. Fic. 5.—Anopheles quadrimaculatus: Larva 

The second measure, that of in resting position. Greatly enlarged. 
destroying the Anopheles, has ‘msinal.) 
been practiced with admirable success in Cuba, in Panama, in West 
Africa, in Egypt, and in certain localities in India. The measures 
of mosquito destruction used in these localities and elsewhere are de- 
scribed in a companion Farmers’ Bulletin (No. 444). 

The quininization method, or cinchonization method as it is called 
by the Germans and the Italians, has been used by the Germans in 
East Africa and by the Italians and, to some extent, by the English 
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in India. In Italy, by the means of mechanical protection, the 
malaria rate was reduced from 65 or 70 per cent down to 14 per cent, 
but here it held. The quininization 
method was then introduced, and the 
general malaria rate for Italy has by its 
means been reduced to less than 4 per 
cent. 

This method consists in the distribu- 
‘tion of free quinine to all laborers and 
to the poor living in malarious Iocali- 
ties. The quinine is prepared in its 
most agreeable form, as confectionery 
and principally as chocolates, the latter rie. ¢—snopheies quadrimaculatus: 
containing tannate of quinine, which  Pupa, Greatly enlarged. (Origi 
is not so bitter. It is more easy to 
induce children and those adults whe can not tolerate the ordinary 
quinine salts to take the quinine in this form. 
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ALARIAL FEVER is a disease which is carried 

from the sick to the healthy by certain kinds 
of mosquitoes known as “anopheles” or “anophe- 
lines.” It is not a difficult disease to fight, and 
people, generally, should know the exact truth about 
the malady and what is to be done. The efforts of 
individuals, after they have acquired the proper 
knowledge, will have an effect upon the malaria 
rate, while with a general knowledge of these facts 
community work must come sooner or later. 


In most parts of the world where antimosquito 
measures have been undertaken on a large scale 
the work has been done with the direct end of doing 
away with mosquito-borne diseases. In the United 
States, however, little direct antimalarial work was 
done until we entered the great war, when the Medi- 
cal Department of the Army took up this work in 
the great cantonments and the United States Public 
Health Service endeavored to control the malarial 
mosquitoes in the areas bordering the camps. There 
are, however, many other localities in the United 
States where malaria is prevalent, and some in 
which the existence of the disease in an aggravated 
form is a serious barrier to agricultural or industrial 
development. 


This bulletin gives a brief account of the disease 
and of the microscopic parasite which causes it, tells 
how persons become infected, describes the life and 
habits of the principal mosquitoes which carry the 
disease in the United States, and shows how it can 
be stamped out and persons cured who have been so 
unfortunate as to contract it. 


P Issued April 29, 1911 
Washington, D.C. : Revised August, 1924 








SOME FACTS ABOUT MALARIA’ 


L. O. Howarp 
Entomologist and Chief, Bureau of Entomology 


THE DISEASE AND ITS CAUSE 


The disease known as malaria, or fever and ague, or chills and 
fever, or marsh fever, and the varieties called intermittent fever, 
remittent fever, and pernicious fever, are caused by parasites in the 
blood which feed upon the red blood cells. 

Malaria occurs more or less in all warm climates, especially in the 
summer after rains and near marshy ground. It is said to cause one- 
fourth or more of all sickness in the Tropics. 

The parasites in the blood are microscopic one-celled animals 
called plasmodia. 

These minute parasites are introduced into the blood through the 
proboscis of certain mosquitoes of the genus Anopheles. 

On being introduced in this way, each parasite enters one of the 
red blood cells, in which it lives and grows. 

When full grown, each parasite divides and thus produces a num- 
ber of spores, which escape from the blood cell and enter fresh cells. 
This method of propagation may continue for years. 

Although only a few of the parasites may have been introduced 
originally through the beak of the mosquito, they rapidly increase 
until millions upon millions of them may exist in the blood. 

At first, when the number of parasites is still small, an infected 
person may remain apparently well. When, however, the number 
is large enough, he begins to suffer from fever. 

The parasites tend to produce their spores all at the same time, 
and it is at the moment when these spores escape from the blood 
cells, almost simultaneously, that the fever begins. 

The fever is probably caused by a little poison which escapes from 
each parasite with the spores. 

After from 6 to 40 hours or more this poison is eliminated from 
the patient’s system and his fever tends to leave him. 

In-the meantime, however, a new generation of parasites from 
the spores is approaching maturity; and when this is reached they 
in their turn break up and cause another attack of fever like the 
first, and so on indefinitely for months and months. In this way the 
attacks of the fever follow each other at regular intervals. 

But it often happens, as the result of repeated infections, that a 
new attack has commenced before the former one has ceased, so that 
they overlap and the fever continues. 

After a time, even without treatment, the number of parasites may 
decrease until not enough of them are left to produce fever, in which 
case the patient improves temporarily. 


1In the pages which follow, the statements regarding the disease itself are partly 
drawn, with the permission of the American publishers, from an admirable summary pre- 
pared by Dr. Ronald Ross (see Ronald Ross, The Prevention of Malaria. London, John 
Murray ; New York, E. P. Dutton & Co.), of the Liverpool School of Tropical Medicine, 
who was the first discoverer of the relation between malaria and mosquitoes, something 
over 20 years ago, in India. His results were soon confirmed by workers in many parts 
of a and the statements here made are accepted by the best physicians of all 
countries. 
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It generally happens, however, sooner or later, that the number of 
parasites increases again, and the patient again suffers from a series 
of attacks. 

Such relapses are frequently encouraged by fatigue, heat, chill, 
wetting, dissipation, or illness, and they may occur at intervals for a 
long time after the patient was first infected by the mosquito, and 
even after he has moved to localities where there is no malaria. 

Besides fever, these malarial parasites often produce anemia and 
enlargement of the spleen, especially with patients who have suf- 
fered many relapses. 

Death is often caused in malarial patients by other diseases such 
as pneumonia or dysentery, the system being already weakened by 
the malarial parasites. 

If the patient survives, the parasites tend to die out of themselves, 
without treatment, after a long period of illness, leaving him more 
or less immune. 

The parasites are of at least three kinds, which can be easily dis- 
tinguished in the blood if placed under the microscope. These are 
(1) a parasite which produces its spores every three days and causes 
what is called quartan fever; (2) a parasite which produces its spores 
every other day and causes tertian fever; (3) parasites which cause 
the so-called malignant fever or pernicious malaria, an irregular type 
and in which dangerous complications most frequently occur. 

Quinine kills the parasites when administered at the proper time; 
but generally it will not destroy all the parasites in the body unless 
it is given in sufficient doses and continued for several months. As 
long as a single parasite remains alive in the blood, the patient may 
be subject to relapses. Ross advises that at least 5 grains of sulphate 
of quinine should be taken by an adult patient every day without fail 
for four months, but he should consult a physician regarding the 
details of the treatment. 


HOW MALARIA SPREADS 


The malaria parasite has several different stages. Aside from 
those forms which produce spores in the body, there are other 
stages—male and female. When one of these anopheline mosquitoes, 
which carries malaria, happens to feed on a patient whose blood con- 
tains parasites, these are sucked, with the blood, into the mosquito’s 
stomach. 

If the sexual forms of the parasites are present, those of opposite 
sexes at once unite. The parasite now unc Fabien certain changes in 
the mosquito’s stomach. It passes through the stomach wall and 
finally affixes itself to its outer surface. 

Here it grows very considerably and, after a week, under favorable 
conditions, produces a large number of : spores. 

These spores, thus entering the general body cavity of the mosquito, 
find their way into the salivary glands. These glands secrete the 
irritating fluid injected under the human skin when the mosquito 
begins to feed. 

Thus, when one of these mosquitoes, which has fed upon a malarial 
patient containing the sexual forms of the parasites, bites, after a 
week, another person, it injects these spores together with its saliva 
under his skin and generally into his blood. 






| 









— 












Some Facts About Malaria 3 

























These spores now cause or may cause infection or reinfection in 
this second person. 

Thus the parasites of malaria pass from men to certain mosquitoes 
and back from these mosquitoes to men. 

Malarial fever is then an infectious disease, which is carried from 
the sick to the healthy by anopheline mosquitoes, and only in this 
way can it be contracted. 

It has always been known that malaria is most prevalent in the 
vicinity of marshes, and it was formerly supposed that the air or 
exhalations from these marshes produced the disease. Parasites of 
malaria have not been found in the water or air of marshes, nor in 
decaying vegetation, nor in the soil, although they have been dili- 





Fig. 1.—Anopheles quadrimaculatus: Male and female mosquitoes. Greatly enlarged 


gently searched for. Attempts to produce infection by these agencies 
have always failed. The mosquitoes which carry these parasites, 
however, breed in marshes or in marshy pools and streams. 

Issuing from these breeding places, they enter near-by houses and 
feed upon the inmates, mostly at night, biting first one person and 
then others, and living for weeks or months. 

If an infected person happens to be present in any of these houses, 
the anopheline mosquitos biting him will also become infected, and 
the disease is likely, ultimately, to be carried by these mosquitoes to 
others and to neighboring houses. 

; Thus a whole neighborhood soon becomes infected and the locality 
l is called malarious. In such localities it is easy to find the parasites 

of malaria in the proper mosquitoes. Sometimes 25 per cent or more 
L of them are found to be infected. 

In malarious localities the anopheline mosquitoes bite the healthy 
new-born children and infect many of them. 
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Such children if not thoroughly treated may remain infected for 
years. They may become anemic and possess enlarged spleens, and 
of course may spread the infection to others. 

In malarious localities almost every child has been found to con- 
tain the parasites of malaria or to possess an enlarged spleen. 

In such a locality, therefore, the infection is constantly passed on 
by means of the mosquitoes from the older children or from adults to 
the newly born infants, so that the locality may remain malarious for 
very many years, in fact indefinitely. 

In the same way a newcomer arriving in such a locality will very 
probably become infected, especially if he sleeps in an infected house, 
even for one night, at a time when mosquitoes are flying and biting. 
A locality is malarious only when it contains persons infected with 
the parasites, and also sufficient numbers of the proper species of 
mosquitoes to carry the infection to the healthy persons. 


THE MALARIAL MOSQUITOES 


There are in the United States only three species of mosquitoes 
which commonly carry malaria, namely, Anopheles quadrimaculatus 
Say, Anopheles crucians Wied., and Anopheles punctipennis Say. 
Several other species of Anopheles are occasionally found, but are 
not important malarial factors. 

Anopheles quadrima- 
culatus (figs. 1, 4, 5, 6) 
is commonly found in 
the more northern 
States, and A. crucians 
(fig. 2) more abun- 
dantly in the Southern 
States, particularly in 
the coastal region. 

A. punctipennis (fig. 
3) occurs in both North- 
ern and Southern States. 
It has been found to 
carry quartan and ter- 
tian malaria in the 
South, but not in the 
North. A number of 
experiments have been 
made with this species 
in the North, and espe- 
cially at Baltimore and 
New York, to see if it 

Fig, 2.—Anopheles crucians: Female mosquito. Greatl will corey malarial 

a enlarged 7 ume"Y parasites, but without 

success. 

The anopheline mosquitoes are distinguished from most other mos- 
quitoes of the United States by the fact that their wings are more or 
less spotted, and that in resting on the wall their bodies incline away 
from the wall at an angle, while with most others the body is parallel 
to the wall. The females also have palpi which are nearly as long as 
the proboscis, or beak. 
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The Anopheles mosquitoes above mentioned pass the winter as 
adults. In the autumn they enter houses, stables, barns, or other out- 
houses, or seek other sheltered hiding places, and remain there until 
spring. They are often found in the winter in numbers in the cellars 
of houses, where they 
may be killed by fumiga- 
tion. 

These mosquitoes, as a 
rule, bite only after sun- 
down. Anopheles cru- 
cians has on rare occa- 
sions been known to bite 
during the day, as has 
A. punctipennis. This 
has not been recorded of 
A. quadrimaculatus. 

They do not fly far. 

It is doubtful whether 
any of these species ever 
flies for more than half a 
mile. 

These Anopheles mos- 
quitoes breed in all sorts 
of accumulations of 
standing water, in 


pools, springs, watering 
troughs, in the foot- 
prints of eattle in Fig. 3.—Anopheles punctipennis: Female mosquito, 


2 Greatly enlarged 
marshy land, and in 
marshes where fish are not abundant, in drains and gutters choked 
with grass or weeds, in old boats along the water fronts, in hollows 
in rocks, in the backwaters of even rapid streams, in earthenware 
vessels, in water barrels and tubs, in cesspools, and all places carry- 
ing water accumulations, whether pure or foul. Anopheles crucians 
and A. guadrimaculatus have even 
been found breeding in brackish water 
along the seacoast. 

The minute, blackish eggs (fig. 4) 
are laid on the surface of the water 
and are found floating on their sides 
singly or in groups. 

Their larve do not hang from the 
surface of the water by the tail, as do 
other mosquito larve or “ wrigglers” 
when at rest, but lie flat at the sur- 
face, with their heads turned upside 

areal ; _ down, feeding upon minute floating 

tok ane are at or near the surface 
(fig. 5). 

Their growth is rather rapid, ee they may in midsummer reach 
full size in two weeks after hatching. 

When full grown these larve transform to pupe (fig. 6) and 

remain in this stage at the surface of the water for three or more 
days, when the adult mosquitoes issue. 
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PREVENTION AND CURE 


There are three recognized means of warfare against malaria: 
(1) Mechanical protection of individuals from bites of malarial mos- 
quitoes; (2) destruction of the Anopheles mosquitoes in any or all of 
their different stages of growth; (3) systematic treatment of the 
population of a malarious locality with quinine until the malaria has 
been stamped out and there are none of the parasites which cause 
this disease for the Anopheles mosquitoes to carry. 

The first of these methods is largely a matter of personal preven- 
tion, and consists in thoroughly screening all habitations of human 
beings and, in the summer time, of wearing veils and gloves when 
out of doors after sundown. This method was systematically en- 
forced at the stations on the Italian railroads some years since and 
resulted in a very great reduc- 
tion in malaria. 

The second measure, that of 
destroying the Anopheles, has 
been practiced with admirable 
success in Cuba, in Panama, IN Fic. 5.—Anopheles quadrimaculatus: Larva 
West Africa, in Egypt, and in in resting position. Greatly enlarged 
certain localities in India. The 
measures of mosquito destruction used in these localities and else- 
where are described in a companion Farmers’ Bulletin (No. 444). 

The quininization method, or cinchonization method as it is called 
by the Germans and the Italians, has been used by the Germans in 

East Africa and by the Italians and, 
to some extent, by the English in 
India. In Italy, by the means of me- 
chanical protection, the malaria rate 
was reduced from 65 or 70 per cent 
down to 14 per cent, but here it held. 
The quininization method was then in- 
troduced, and the general malaria rate 
by its means has been reduced to less 
than 4 per cent. 
This method consists in the distribu- 
tion of free quinine to all laborers and 
ha) 0 tank ada” =O the poor living in malarious locali- 
latus: Pupa. Greatlyenlarged ties. The quinine is prepared in its 
most agreeable form, as confectionery 
and principally as chocolates, the latter containing tannate of 
quinine, which is not so bitter. It is more easy to induce children 
and those adults who can not tolerate the ordinary quinine salts to 
take the quinine in this form. 
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N ALARIAL FEVER is a disease which is carried 

from the sick to the healthy by certain kinds 
of mosquitoes known as “ anopheles” or “ anophe- 
lines.” It is not a difficult disease to fight, and 
people, generally, should know the exact truth about 
the malady and what is to be done. ,The efforts of 
individuals, after they have acquired the proper 
knowledge, will have an effect upon the malaria 
rate, and community work must come when these 
facts are generally known. 


In most parts of the world where antimosquito 
measures have been undertaken on a large scale 
the work has been done with the direct end of doing 
away with mosquito-borne diseases. In the United 
States little direct antimalarial work was done until 
we entered the great war, when the Medical De- 
partment of the Army took up this work in the great 
cantonments and the United States Public Health 
Service endeavored to control the malarial mos- 
quitoes in the areas bordering the camps. Since the 
war antimosquito work has been undertaken in 
many localities. There are, however, many other 
localities in the United States where malaria is prev- 
alent, and some in which the existence of the disease 
in an aggravated form is a serious barrier to agri- 
cultural or industrial development. 


This bulletin gives a brief account of the disease 
and of the microscopic parasite which causes it, tells 
how persons become infected, describes the life and 
habits of the principal mosquitoes which carry the 
disease in the United States, and shows how it can 
be stamped out and persons cured who have been so 
unfortunate as to contract it. 


; Issued April 29, 1911 
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SOME FACTS ABOUT MALARIA* 


L. O. Howarp 


Senior Entomologist, Bureau of Entomology 


THE DISEASE AND ITS CAUSE 


The disease known as malaria, or fever and ague, or chills and 
fever, or marsh fever, and the varieties called intermittent fever, 
remittent fever, and pernicious fever, are caused by parasites in the 
blood which feed upon the red blood cells. 

Malaria occurs more or less in all warm climates, especially in the 
summer after rains and near marshy ground. It is said to cause one- 
fourth or more of all sickness in the Tropics. 

The parasites in the blood are microscopic one-celled animals 
called plasmodia. 

These minute parasites are introduced into the blood through the 
proboscis of certain mosquitoes of the genus Anopheles. 

On being introduced in this way, each parasite enters one of the 
red blood cells, in which it lives and grows. 

When full grown, each parasite divides and thus produces a num- 
ber of spores, which escape from the blood cell and enter fresh cells. 
This method of propagation may continue for years. 

Although only a few of the parasites may have been introduced 
originally through the beak of the mosquito, they rapidly increase 
until millions upon millions of them may exist in the blood. 

At first, when the number of parasites is still small, an infected 
person may remain apparently well. When, however, the number 
is large enough, he begins to suffer from fever. 

The parasites tend to produce their spores all at the same time, 
and it is at the moment when these spores escape from the blood 
cells, almost simultaneously, that the fever begins. 

The fever is probably caused by a little poison which escapes from 
each parasite with the spores. 

After from 6 to 40 hours or more this poison is eliminated from 
the patient’s system and his fever tends to leave him. 

In the meantime, however, a new generation of, parasites from 
the spores is approaching maturity; and when this is reached they 
in their turn break up and cause another attack of fever like the 
first, and so on indefinitely for months and months. In this way the 
attacks of the fever follow each other at regular intervals. 

But it often happens, as the result of repeated infections, that a 
new attack has commenced before the former one has ceased, so that 
they overlap and the fever continues; soon, however, becoming inter- 
mittent again except with that form known as malignant tertian. 

After a time, even without treatment, the number of parasites may 
decrease until not enough of them are left to produce fever, in which 
case the patient improves temporarily. 

1In the pages which follow, the statements regarding the disease itself are partly 
drawn, with the permission of the American publishers, from an admirable summary pre- 
pat by Ronald Ross (see RONALD ROSS, THD PREVENTION OF MALARIA. London and New 
oes of the Liverpool School of Tropical Medicine, who was the first discoverer of the 
relation between malaria and mosquitoes, something over 20 years ago, in India. His 


results were soon confirmed by workers in many parts of the world, and the statements 
here made are accepted by the best physicians of all countries. 
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It generally happens, however, sooner or later, that the number of 
parasites increases again, and the patient again suffers from a series 
of attacks. 

Such relapses are frequently encouraged by fatigue, heat, chill, 
wetting, dissipation, or illness, and they may occur at intervals for a 
long time after the patient was first infected by the mosquito, and 
even after he has moved to localities where there is no malaria. 

Besides fever, these malarial parasites often produce anemia and 
enlargement of the spleen, especially with patients who have suf- 
fered many relapses. 

Death is often caused in malarial patients by other diseases such 
as pneumonia or dysentery, the system being already weakened by 
the malarial parasites. 

If the patient survives, the parasites tend to die out of themselves, 
without treatment, after a long period of illness, leaving him more 
or less immune. 

The parasites are of at least three kinds, which can be easily dis- 
tineuished in the blood if placed under the microscope. These are 


(1) a parasite which produces its spores every three days and causes 
what is called quartan fever; (2) a parasite which produces its spores 
every other day and causes tertian fever; (3) parasites which cause 
the so-called malignant fever or pernicious malaria, an irregular type 
and in which dangerous complications most frequently occur. 
Quinine kills the ——— when administered at the proper time; 


but generally it will not destroy all the parasites in the body unless 
it is given in sufficient doses and continued for several months. As 
long as a single parasite remains alive in the blood, the patient may 
be subject to relapses. Ross advises that at least 5 grains of sulphate 
of quinine should be taken by an adult patient every day without fail 
for four months, but he should cecal a physician regarding the 
details of the treatment. 


HOW MALARIA SPREADS 


The malaria parasite has several different stages. Aside from 
those forms which produce spores in the body, there are other 
stages—male and female. When one of these anopheline mosquitoes, 
which carries malaria, happens to feed on a patient whose blood con- 
tains parasites, these are sucked, with the blood, into the mosquito’s 
stomach. 

If the sexual forms of the parasites are present, those of opposite 
sexes at once unite. The parasite now salen certain changes in 
the mosquito’s stomach. It passes through the stomach wall and 
finally affixes itself to its outer surface. 

Here it grows very considerably and, after a week, under favorable 
conditions, produces a large number of spores. 

These spores, thus entering the general body cavity of the mosquito, 
find their way into the salivary glands. ese glands secrete the 
irritating fluid injected under the human skin when the mosquito 
begins to feed. 

hus, when one of these mosquitoes, which has fed upon a malarial 
patient containing the sexual forms of the parasites, bites, after a 
week, another person, it injects these spores together with its saliva 
under his skin and generally into his blood. 
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These spores now cause or may cause infection or reinfection in 
this second person. 

Thus the parasites of malaria pass from men to certain mosquitoes 
and back from these mosquitoes to men. 

Malarial fever is then an infectious disease, which is carried from 
the sick to the healthy by anopheline mosquitoes, and only in this 
way can it be contracted. 

It has always been known that malaria is most prevalent in the 
vicinity of marshes, and it was formerly supposed that the air or 
exhalations from these marshes produced the disease. Parasites of 
malaria have not been found in the water or air of marshes, nor in 
decaying vegetation, nor in the soil, although they have been dili- 


Fig. 1.—Anopheies quadrimaculatus: Male and female mosquitoes. Greatly enlarged 


gently searched for. Attempts to produce infection by these agencies 
have always failed. The mosquitoes which carry these parasites, 
however, breed in marshes or in marshy pools and streams. 

Issuing from these breeding places, er enter near-by houses and 


feed upon the inmates, mostly at night, biting first one person and 
then others, and living for weeks or months. 

If an infected person happens to be present in any of these houses, 
the anopheline mosquitoes biting him will also become infected, and 
the disease is likely, ultimately, to be carried by these mosquitoes to- 
others and to neighboring houses. 

Thus a whole neighborhood soon becomes infected and the locality 
is called malarious. In such localities it is easy to find the parasites 
of malaria in the proper mosquitoes. Sometimes 25 per cent or more 
of them are found to be infected. 

In malarious localities the anopheline mosquitoes bite the healthy 
new-born children and infect many of them. 
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Such children if not thoroughly treated may remain infected for 
years. They usually become anemic and possess enlarged spleens, 
and of course may spread the infection to others. 

In highly malarious localities almost every child has been found to 
contain the parasites of malaria or to possess an enlarged spleen. 

In such a locality, therefore, the infection is constantly passed on 
by means of the mosquitoes from the older children or from adults to 
the newly born infants, so that the locality may remain malarious for 
very many years, in fact indefinitely. 

In the same way a newcomer arriving in such a locality will very 
probably become infected, especially if he sleeps in an infected house, 
even for one night, at a time when mosquitoes are flying and biting. 
A locality is malarious only when it contains persons infected with 
the parasites, and also sufficient numbers of the proper species of 
mosquitoes to carry the infection to the healthy persons. 


THE MALARIAL MOSQUITOES 


There are in the Eastern States only three species of mosquitoes 
which carry malaria, namely, Anopheles quadrimaculatus Say, 
Anopheles crucians Wied., and Anopheles punctipennis Say. Sev- 
eral other species of Anopheles are occasionally found, but are not 
important malarial factors. 


Anopheles quadrima- 
culatus (figs. 1, 4, 5, 6) 
vy f 


is commonly found both 
in the North and in the 
South, and A. crucians 
(fig. 2) more abun- 
dantly in the Southern 
States, particularly in 
the coastal region. 

A. punctipennis (fig. 
3) occurs in both North- 
ern and Southern States. 
It has been found to 
carry quartan and ter- 
tian malaria in the 
South, but not in the 
North. A number of 
experiments have been 
made with this species 
in the North, and espe- 
cially at Baltimore and 
New York, to see if it 

anit es itil a At 3 will carry malarial 
1G, 2.—Anopheles oa mosquito. Greatly parasites, but without 
success. 

The anopheline mosquitoes are distinguished from most other mos- 
quitoes of the United States by the fact that their wings are more or 
less spotted, and that in resting on the wall their bodies incline away 
from the wall at an angle, while with most others the body is parallel 
to the wall. The fuentes also have palpi which are nearly as long as 
the proboscis, or beak. 
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The Anopheles mosquitoes above mentioned pass the winter as 


adults or as larve. In the autumn they enter houses, stables, barns, 
or other outhouses, or seek other sheltered hiding places, and remain 
there until spring. They are often found in the winter in numbers 


in the cellars of houses, 
where they may be killed 
by fumigation or by fly 
sprays. 

These mosquitoes, as a 
rule, bite only after sun- 
down. Anopheles cru- 
cians has on rare occa- 
sions been known to bite 
during the day, as has 
A. punctipennis. This 
has not been recorded of 
A. quadrimaculatus. 

They do not fly far. 
It is doubtful whether 
any of these species ever 
flies for more than a mile. 

These Anopheles mos- 
quitoes breed in all sorts 
of accumulations of 
standing water, in 
pools, springs, watering 
troughs, in the foot- 
prints of cattle in 
marshy land, and in 





Fig. 3.—Anopheics punctipennis: Female mosquito. 
Greatly enlarged 


marshes where fish are not abundant, in drains and gutters choked 
with grass or weeds, in old boats along the water fronts, in hollows 
in rocks, in the backwaters of even rapid streams, in earthenware 
vessels, in water barrels and tubs, in cesspools, and all places carry- 
ing water accumulations, whether pure or foul. Anopheles crucians 





and A. guadrimaculatus have even 
been found breeding in brackish water 
along the seacoast. 

The minute, blackish eggs (fig. 4) 
are laid on the surface of the water 
and are found floating on their sides 
singly or in groups. 

Their larve do not hang from the 
surface of the water by the tail, as do 
other mosquito larve or “ wrigglers” 
when at rest, but lie flat at the sur- 
face, with their heads turned upside 
down, feeding upon minute floating 


Pra. 4 Anonhetee quadrimaculatus: articles, at or near the surface 


Eggs. Greatly enlarged 


(fig. 5). 


Their growth is rather rapid, and they may in midsummer reach 
full size in two weeks after hatching. 

When full grown these larve transform to pupe (fig. 6) and 
remain in this stage at the surface of the water for three or more 


days, when the adult mosquitoes issue. 
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PREVENTION AND CURE 


There are three recognized means of warfare against malaria: 
(1) Mechanical protection of individuals from bites of malarial mos- 
uitoes; (2) destruction of the Anopheles mosquitoes in any or all of 
their different stages of growth; (3) systematic treatment of the 
povalene of a malarious locality with quinine until the malaria has 
een stamped out and there are none of the parasites which cause 
this disease for the Anopheles mosquitoes to carry. 

The first of these methods is largely a matter of personal preven- 
tion, and consists in thoroughly screening all habitations of human 
beings and, in the summer time, of wearing veils and gloves when 
out of doors after sundown. This method was systematically en- 
forced at the stations on the Italian railroads some years since and 
resulted in a very great reduc- 
tion in malaria. 

The second measure, that of 
destroying the Anopheles, has 
been practiced with admirable 
SUCCESS in Cuba, in Panama, IM Fic. 5.—Anopheles quadrimaculatus: Larva 
West Africa, in Egypt, in cer- in resting position. Greatly enlarged 
tain localities in India, and in 
many parts of the United States. 

The measures of mosquito destruction used in these localities and else- 
where are described in a companion Farmers’ Bulletin (No. 444). 

The quininization method, or cinchonization method as it is called 

by the Germans and the Italians, has been used by the Germans in 
East Africa and by the Italians and, 
to some extent, by the English in 
India. In Italy, by the means of me- 
chanical protection, the malaria rate 
was reduced from 65 or 70 per cent 
down to 14 per cent, but here it held. 
The quininization method was then in- 
troduced, and the general malaria rate 
by its means has been reduced to less 
than 4 per cent. 

This method consists in the distribu- 
tion of free quinine to all laborers and 
to the poor living in malarious locali- 

Pia, 6 Annenien sera lmseniniets ties. The quinine is prepared in its 

most agreeable form, as confectionery 
and principally as chocolates, the latter containing tannate of 
quinine, which is not so bitter. It is more easy to induce children 
and those adults who can not tolerate the ordinary quinine salts to 
take the quinine in this form. 

An effort has been made to standardize the quinine treatment of 
malaria. Persons interested should apply to the United States 
Public Health Service, Washington, D. C., for a copy of Reprint 
No. 672. 
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ALARIAL FEVER is a disease which is carried 

from the sick to the healthy by certain kinds 
of mosquitoes known as “ anopheles” or “ anophe- 
lines.” It is not a difficult disease to fight, and 
people, generally, should know the exact truth about 
the malady and what is to be done. The efforts of 
individuals, after they have acquired the proper 
knowledge, will have an effect upon the malaria 
rate, and community work must come when these 
facts are generally known. 


In most parts of the world where antimosquito 
measures have been undertaken on a large scale 
the work has been done with the direct end of doing 
away with mosquito-borne diseases. In the United 
States little direct antimalarial work was done until 
we entered the World War, when the Medical De- 
partment of the Army took up this work in the great 
cantonments and the United States Public Health 
Service endeavored to control the malarial mos- 
quitoes in the areas bordering the camps. Since the 
war antimosquito work has been undertaken in 
many localities. There are, however, many other 
localities in the United States where malaria is prev- 
alent, and some in which the existence of the disease 
in an aggravated form is a serious barrier to agri- 
cultural or industrial development. 


This bulletin gives a brief account of the disease 
and of the microscopic parasite which causes it, tells 
how persons become infected, describes the life and 
habits of the principal mosquitoes which carry the 
disease in the United States, and shows how it can 
be stamped out and persons cured who have been so 
unfortunate as to contract it. 
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SOME FACTS ABOUT MALARIA’ 


L. O. Howarp 


Senior Entomologist, Bureau of Entomology?’ 


THE DISEASE AND ITS CAUSE 


* The disease known as malaria, or fever and ague, or chills and 
fever, or marsh fever, and the varieties called intermittent fever, 
remittent fever, and pernicious fever, are caused by parasites in the 
blood which feed upon the red blood cells. 

Malaria occurs more or less in all warm climates, especially in the 
summer after rains and near marshy ground. It is said to cause one- 
fourth or more of all sickness in the Tropics. 

The parasites in the blood are microscopic one-celled animals 
called plasmodia. 

These minute parasites are introduced into the blood through the 
proboscis of certain mosquitoes of the genus Anopheles. 

On being introduced in this way, each parasite enters one of the 
red blood cells, in which it lives and grows. 

When full grown, each parasite divides and thus produces a num- 
ber of spores, which escape from the blood cell and enter fresh cells. 
This method of propagation may continue for years. 

Although only a few of the parasites may have been introduced 
originally through the beak of the mosquito, they rapidly increase 
until millions upon millions of them may exist in the blood. 

At first, when the number of parasites is still small, an infected 
person may remain apparently well. When, however, the number 
is large enough, he begins to suffer from fever. 

The parasites tend to produce their spores all at the same time, 
and it is at the moment when these spores escape from the blood 
cells, almost simultaneously, that the fever begins. 

The fever is probably caused by a little poison which escapes from 
each parasite with the spores. 

After from 6 to 40 hours or more this poison is eliminated from 
the patient’s system and his fever tends to leave him. 

In the meantime, however, a new generation of parasites from 
the spores is approaching maturity; and when this is reached they 
in their turn break up and cause another attack of fever like the 
first, and so on indefinitely for months and months. In this way the 
attacks of the fever follow each other at regular intervals. 

But it often happens, as the result of repeated infections, that a 
new attack has commenced before the former one has ceased, so that 
they overlap and the fever continues; soon, however, becoming inter- 
mittent again except with that form known as malignant tertian. 

After a time, even without treatment, the number of parasites may 
decrease until not enough of them are left to produce fever, in which 
case the patient improves temporarily. 





1In the pages which follow, the statements regarding the disease itself are partly 
drawn, with the an of the American publishers, from an admirable summary pre- 
ared by Ronald Ross (see RONALD ROSS, THD PREVENTION OF MALARIA, London and New 
York), of the Liverpool School of Tropical Medicine, who was the first discoverer of the 
relation between malaria and mosquitoes, in 1898, in India. His results were soon 
confirmed by workers in many parts of the world, and the statements here made are 
accepted by the best physicians of all. countries, 


* Retired June 30, 1931. 
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It generally happens, however, sooner or later, that the number of 
parasites increases again, and the patient again suffers from a series 
of attacks. 

Such relapses are frequently encouraged by fatigue, heat, chill, 
wetting, dissipation, or illness, and they may occur at intervals for a 
long time after the patient is first infected by the mosquito, and 
even after he has moved to localities where there is no malaria. 

Besides fever, these malarial parasites often produce anemia and 
enlargement of the spleen, especially with patients who have suf- 
fered many relapses. 

Death is often caused in malarial patients by other diseases such 
as pneumonia or dysentery, the system being already weakened by 
the malarial parasites. 

If the patient survives, the parasites tend to die out of themselves, 
without treatment, after a long period of illness, leaving him more 
or less immune. 

The parasites are of at least three kinds, which can be easily dis- 
tinguished in the blood if placed under the microscope. These are 
(1) a parasite which produces its spores every three days and causes 
what is called quartan fever; (2) a parasite which produces its spores 
every other day and causes tertian fever; (3) parasites which cause 
the so-called malignant fever or pernicious malaria, an irregular type 
and in which dangerous complications most frequently occur. 

Quinine kills the Pa when administered at the proper time; 
but generally it will not destroy all the parasites in the body unless 
it is given in sufficient doses and continued for several months. As 
long as a single parasite remains alive in the blood, the patient may 
be subject to relapses. Ross advises that at least 5 grains of sulphate 
of quinine should be taken by an adult patient every day without fail 
for four months, but he should consult a physician regarding the 
details of the treatment. 


HOW MALARIA SPREADS 


The malaria parasite has several different stages. Aside from 
those forms which produce spores in the body, there are other 
stages—male and female. When one of these anopheline mosquitoes, 
which carries malaria, happens to feed on a patient whose blood con- 
tains parasites, these are sucked, with the blood, into the mosquito’s 
stomach. 

If the sexual forms of the parasites are present, those of opposite 
sexes at once unite. The parasite now undergoes certain changes in 
the mosquito’s stomach. It passes through the stomach wall and 
finally affixes itself to its outer surface. 

Here it grows very considerably and, after a week, under favorable 
conditions, produces a large number of spores. 

These spores, thus entering the general body cavity of the mosquito, 
find their way into the salivary glands. These glands secrete the 
irritating fluid injected under the human skin when the mosquito 
begins to feed. 

Thus, when one of these mosquitoes, which has fed upon a malarial 
patient containing the sexual forms of the parasites, bites, after a 
week, another person, it injects these spores together with its saliva 
under his skin and generally into his blood. 
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These spores now cause or may cause infection or reinfection in 
this second person. 

Thus the parasites of malaria pass from men to certain mosquitoes 
and back from these mosquitoes to men. 

Malarial fever is then an infectious disease, which is carried from 
the sick to the healthy by anopheline mosquitoes, and only in this 
way can it be contracted. 

It has always been known that malaria is most prevalent in the 
vicinity of marshes, and it was formerly supposed that the air or 
exhalations from these marshes produced the disease. Parasites of 
malaria have not been found in the water or air of marshes, nor in 
decaying vegetation nor in the soil, although they have been dili- 
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Fig. 1.—Anopheles quadrimaculatus: Male and female mosquitoes. Greatly enlarged 


gently searched for. Attempts to produce infection by these agencies 
have always failed. The mosquitoes which carry these parasites, 
however, breed in marshes or in marshy pools and streams. 

Issuing from these breeding places, they enter near-by houses and 
feed upon the inmates, mostly at night, biting first one person and 
then others, and living for weeks or months. 

If an infected person ma 08 to be present in any of these houses, 


the anopheline mosquitoes biting him will also become infected, and 
the disease is likely, ultimately, to be carried by these mosquitoes to 
others and to neighboring houses. 

Thus a whole neighborhood soon becomes infected and the locality 
is called malarious. In such localities it is easy to find the parasites 
of malaria in the proper mosquitoes. Sometimes 25 per cent or more 
of them are found to be infected. 

In malarious localities the anopheline mosquitoes bite the healthy 
new-born children and infect many of them. 
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Such children if not thoroughly treated may remain infected for 
years. They usually become anemic and possess enlarged spleens, 
and of course may spread the infection to others. 

In highly malarious localities almost every child has been found to 
contain the parasites of malaria or to possess an enlarged spleen. 

In such a locality, therefore, the infection is constantly passed on 
by means of the mosquitoes from the older children or from adults to 
the newly born infants, so that the locality may remain malarious for 
very many years, in fact indefinitely. 

In the same way a newcomer arriving in such a locality will very 
probably become infected, especially if he sleeps in an infected house, 
even for one night, at a time when mosquitoes are flying and biting. 
A locality is malarious only when it contains persons infected with 
the parasites, and also sufficient numbers of the proper species of 
mosquitoes to carry the infection to the healthy persons. 


THE MALARIAL MOSQUITOES 


There are in the Eastern States only three species of mosquitoes 
which carry malaria, namely, Anopheles quadrimaculatus Say, 
Anopheles crucians Wied., and Anopheles pumctipennis Say. Sev- 
eral other species of Anopheles are occasionally found, but are not 
important malarial factors. 

Anopheles quadrima- 
culatus (figs. 1, 4, 5, 6) 
is commonly found both 
in the North and in the 
South, and A. crucians 
(fig. 2) more abun- 
dantly in the Southern 
States, particularly in 
the coastal region. 

A. punctipennis (fig. 
3) occurs in both North- 
ern and Southern States. 
It has been found to 
carry quartan and ter- 
tian malaria in the 
South, but not in the 
North. A number of 
experiments have been 
made with this species 
in the North, and espe- 
cially at Baltimore and 
New York, to see if it 
csi, 18x te . will carry malarial 

1G. 2.—Anopheles cru ee e mosquito. Greatly parasites, but without 
success. 

The anopheline mosquitoes are distinguished from most other mos- 
quitoes of the United States by the fact that their wings are more or 
less spotted, and that in resting on the wall their bodies incline away 
from the wall at an angle, while with most others the body is parallel 
to the wall. The Seminton also have palpi which are nearly as long as 
the proboscis, or beak. 





















The Anopheles mosquitoes above mentioned pass the winter as 
adults or as larve. In the autumn they enter houses, stables, barns, 
or other outhouses, or seek other sheltered hiding places, and remain 
there until spring. They are often found in the winter in numbers 
in the cellars of houses, 
where they may be killed 
by fumigation or by fly 
sprays. 

These mosquitoes, as 2 
rule, bite only after sun- 
down. They have been 
known to bite, however, 
on very cloudy days, or 
in dark: secluded situa- 
tions. 

They do not fly far. 
For the most part the 
flight range appears to 
be less than a mile. 

These Anopheles mos- 
quitoes breed in all sorts 
of accumulations of 
standing water, in 
pools, springs, watering 
troughs, in the foot- 
prints of cattle in 
marshy land, and in Mite 
marshes where fish are Fia. Srndneaheee see ee mosquito. 
not abundant, in drains 
and gutters choked with grass or weeds, in old boats along the water 
fronts, in hollows in rocks, in the backwaters of even rapid streams, 
in earthenware vessels, in water barrels and tubs, in cesspools, and 
all places carrying water accumulations, whether pure or foul. 
Anopheles crucians and A. quadrimaculatus have even been found 
breeding in brackish water along the 
seacoast. 

The minute blackish eggs (fig. 4) 
are laid on the surface of the water 
and are found floating on their sides 
singly or in groups. 

Their larve do not hang from the 
surface of the water by the tail, as do 
other mosquito larve or “ wrigglers ” 
when at rest, but lie flat at the sur- 
face, with their heads turned upside 
down, feeding upon minute floating 


particles, at or near the surface 
Fig. 4.—Anopheles quadrimaculatus: fi 5) : 
Eggs. Greatly enlarged (fig. 5). 
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Their growth is rather rapid, and 

they may in midsummer reach full size in two weeks after hatching. 
When full grown these larve transform to pupe (fig. 6) and 
remain in this stage at the surface of the water for three or more 
days, when the adult mosquitoes issue, 


Some Facts About Malaria 5 


















































ce ee ek oe ree 








Farmers’ Bulletin 450 


PREVENTION AND CURE 


There are three recognized methods of warfare against malaria: 
(1) Mechanical protection of individuals from bites of malarial mos- 
quitoes; (2) destruction of the Anopheles mosquitoes in any or all of 
their different stages of growth; (3) systematic treatment of the 
population of a malarious locality with quinine until the malaria has 
been stamped out and there are none of the parasites which cause 
this disease for the Anopheles mosquitoes to carry. 

The first method is largely a matter of personal prevention, and 
consists in thoroughly screening all human habitations and, in the 
summer time, of wearing veils and gloves when out of doors after 
sundown. 

The second measure, destroy- 
ing the Anopheles, has achieved 
admirable success in Cuba, in 
Panama, in West Africa, in 





: . ys : Fie. 5.—Anopheles quadrimaculatus: Larva 
eyPt, in certain localities in in resting position. Greatly enlarged 


E 

India, and in many parts of the 

United States. It holds the greatest promise of ultimately ridding a 
community of malaria. Destroying the breeding places of Anopheles 
by drainage or treatment with oil or Paris green is all important. 
Impounding water and using certain species of small fish which eat 
the wrigglers are also recommended under some conditions. More 
detailed information on mosquito control is given in Farmers’ Bulle- 
tin No. 1570, Mosquito Remedies and Preventives. 

The quininization, or the cinchonization method, as it is called by 
Germans and Italians, has been used by the Germans in East Africa 
and by the Italians and, to some extent, 
by the English in India. In Italy, by 
mechanical protection, the malaria rate 
was reduced from 65 or 70 per cent 
down to 14 per cent, but here it held. 
The quininization method was then in- 
troduced, and by its means the general 
malaria rate has been reduced to less 
than 4 per cent. 

This method vonsists in distributing 
free quinine to all laborers and to the 
poor living in malarious localities. The 
quinine is prepared in its most agree- 





Fic. 6.— Anophel adrimacu- : eS he 
latus: Papa. Greatly enlarged able form, as confectionery and princi- 


pally as chocolates, the latter contain- 
ing tannate of. quinine, which is not so bitter. It is more easy to 
induce children and those adults who can not tolerate the ordinary 
quinine salts to take the quinine in this form, 


U, S. GOVERNMENT PRINTING OFFICE: 19382 


















INDEX. 


Farmers’ 
Bulletin No. Page. 
en OMNIS: MONEE S.C os Sos Cin weed vee ve aiesipmoca 444 5, 10 
Agave, use in alcohol manufacture............-...- pieaiats Sanataee 429 11 
Alcohol, cost of production and yield ......................------ 429 11-20 
COnsUaned,, ONrrrNON: 265565 US. flee cee ode wees dame 429 6 
law, June 7, 1906, and amendment, text....... 429 6-8 
denaturing, materials and regulations....................- 429 9 
description, and chemical formula......................-- 429 5 
industrial, sources and manufacture.................-...-. 429 1-32 
manufacture, cost, factors influencing.................... 429 31-32 
TStORY SUN COME. 66s Sok hen 429 20-29 
sources, chemical componition <2... 22-25. -c-5.0-cheeceens 429 10-20 
MORIN oo oe Voir hick alone cus eyes age nada 429 9-10 
VibIat IO. CORE. OF PEOUMCHON ee eos oe ow bs dans womens 429 11-20 
Alcoholic solutions, strength, determination......................- 429 5 
SRO SR aici asl aa Ae fee eel le oer SY Th 446 14, 15, 
23, 31 
ne PARAM hr i ae omg eee eg eee 428 5-6 
testing methods, occurrence of weed seeds, etc. .....- 428 37-38 
Alkali, black, effects on-plant growth....:-<..0. 0. on. ee psanev ee 446 6,8 
CRETAMRISEES AE POTN, Soon oie 5 2 a ote wat aa ot eae 446 9 
effect on plant growth, comparative harmfulness of kinds.... 446 8-12 
TNR DC UEION nei ic Vitae 2 ooo Sonu ones 443 20 
CER OTOIYE NINN con's a ea aac the vis eee Sige ea 446 12-32 
soil, chemical nature, cause of accumulations, and grades.... 446 6, 7, 12 
CUNO NR nS oe en os eae ace dao cae came 446 1-32 
CAGE OR A0reee OF PISA 8. 5.5 e's conabc conse macnn 430 6 
IMEC. ClOVOr HOCH ECUIGNRSIUR: <5 oases cob acccscsecaseunacenat 428 6 
Amaranth seeds, description, occurrence in farm seeds............- 428 24-25 
Anopheles mosquitoes, breeding habits.....................----.-- 444 11 
TOMURTIN MII gras eg yates 450 9-12 
Anthrax contagion, spread, methods. ..................22.-.22---- 439 5-8, 16 
OE ETI EEN ae A et EGE IM at 439 8-9 
Henry, Tine, Bir CONOL 2 ek oe 439 1-16 
SOP DIONSENIIOU: ROME URS... ws to wa cnt nd <bean rbd 439 13-14 
CE EE oo in adel einen dg oat a ga aeRmin eae 439 6,7,8,9 
WARRING, DIGNATAUON. ANG US0 « -.. 52... i ccwe can ceveuces 439 12-13 
As COMIN, CONNII  s cmon gs cesuigusigcceitn hes convnbascseshegnt 433 10 
spring grain, injury to barley, note.............-..-.-+---- 427 13 
Apiary, inspection, importance to bee keeping.................--- 442 19 
pT NEE A ee ge iene area eee Nant cia EAR mR I Py Pee 447 6-8 
ION: MICU SME OOP CONN oscia nics oc mre ase anand ais hep Aan See 429 12 
Arachis hypogea. See Peanut. 
Arlington Experimental Farm, growing barleys...........-....----- 427 3-5 
Army worm, injury to barley, MR Coes oo, Ce tiee te eae 427 13 
ArNnoxp, J. i. , bulletin on ‘ ‘How a city family managed afarm”.... 432 1-28 
Arsenate of lead, use in spraying peaches, methods............--.-- 440 35 
Artichoke, Jerusalem, composition and alcohol yield............--- 429 18 
Ashes, wood, fertilizer for peanuts...............2...-----seeeceee 431 ll 
Atriplex spp., value as hedge in alkali regions. .............-------- 446 30 
CTs. ALORS, ORCHIIUIONN 5 onic. n on a woos kann chm Rees oes KAN Sane 439 9 
Erte: Caras OF Cel WIE on oo oa odes ce caansceubaes 442 13-14 
Balance for seed Se OORNEIOUR os. uc meade ete as ow aaee 428 11-12 
Batu, CARLETON R., bulletin on “‘ Better grain-sorghum crops”’...... 448 1-36 
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Barley, alkali and drought resistance, water requirements, etc 
analyses 
composition, and use in alcohol manufacture 
crop, improvement, methods, etc 


‘ 

culture in the Southern States...................2-.--.--.-- 

diseases 

effect on land, comparison with other crops 

growing 

arvesting and thrashin 
time, methods, etc 

hooded, description and value.. 

insects injurious, control methods, etc. sg habits 

origin, history, characteristics, introduction into United 

tates, 

production in the Southern States, 1909...............--.-. 
- rotation with other crops, yields, etc.................---.-- 

seed, pure, introduction and distribution 

testing methods, occurrence of weed seeds, etc 

seeding, time, rate, method, RL ES oe pret Ale o 5m ale 

soil adaptability. Soeredes cc meee Stine 

sowing, time, rate, method, ete. 


with. oats, experiments, RCIA UO i os tiga 


spring, for the South, experiments, etc............ Side vie 
statements of southern farmers and seedsmen 
Tennessee Winter, growing in South 
thrashing, storing, etc., methods 
Union Winter, grow ing in the South, value, etc. 
varieties grown in the South. . a OS tac tee ec re 
selection, methods, etc. 
yields, etc., 
winter, for the South 
value as hay.. 
yields, comparison with other cereals, 1866-1905. . 
effect of soil treatment 
Barnyard manure. See Manure. 
Bats, use in mosquito destruction 
Bean, OM MIRON PORINRDICO Si. an moo ss vce ns aries ce cae saatenc as 
Bzatrie, Ww. R., bulletin on ‘‘The home production of onion seed 
and sets” 
“The peanut” 
Bee brood, diseased, description, and directions for mailing sam- 
ples 
diseases, treatment 
escape, use for clearing infected beehive..................---- 
Beekeeping, beginning, suggestions..................-..---.---- 
books ak periodicals 
uipment 
Beef, market ei GUE DIAGEO go eo ks. sia na ea ee eke ee a 
Bees, adult, diseases, causes and control 
dequeening, as remedy for foul brood 
nn ae GUNA 3 So ac teae 
dwindling in spring, causes and prevention 


Miele rod,’ GOneriBtOn ., - ci seis anno gas ba> ooo dha e ee 
relation to crops 
shaking, treatment for foul brood, GWeCHOUs, 24 52. xe croc 
wintering 
Beeswax, production and handling. . SP Pah 
saving from contaminated combs, ‘directions............. 
Beet, sugar, alcohol yield per ton 
Beetles, grain, injury, description, control methods, etc..........-. 
Beets, sugar, alkali resistance 


composition, and alcohol yield per ton 
Bermuda grass and lespedeza, mixture for hay 
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443 
427 


97 


427 
443 
427 
427 
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Berseem, value as reclamation crop for alkali soil 
Bindweed seed, description, occurrence in farm seeds 
Blackleg, similarity to anthrax 
vaccine, preparation, note 

Black-eyed Susan, description of seed, occurrence in timothy seed . 
Bluebottle, description of seed, occurrence in farm seeds 
Bluegrass, Canada, adulterant of Kentucky bluegrass seed, note. ... 
Bluegrass seed, Kentucky, adulteration, note 

testing methods, occurrence of weed 

seeds, etc 

Boys’ and girls’ clubs, selection and growing of corn, sorghum, etc. . 
Bromegrass, awnless, seed, adulteration, note 

testing methods, occurrence of weed 


Hungarian, seed, adulteration, note..................-. 
Bromus inermis. See Bromegrass, awnless. 
Brown-rot, peach, nature, cause, injury, control methods, etc...... 
Buckhorn seed, adulterant of alfalfa seed, note..................... 
description, occurrence in farm seeds 
Bulbs, onion, for seed production, selection and care.............-- 
Buttercup, creeping, description of seeds, occurrence in grass seeds. 


Cabbage, cultivation, harvesting, marketing, etc 
UNO E  S a cdsicisie yes nro a win hain im 4 ma» oo a alt ae 
PEO OUIIOE os ook varia cas oe nntelwee BOR Re esa 
market garden growing 
storage...... igo Gee inie oias'co'she mine 2 REE Re ee gl ee 
truck crop growing 
RII ca ls icine cs 9 shia n'a ws «dao oc ee A 
Wild, and tis cultivated: forms, .2... 5.02... 2... 6cikuae Stas 
Calf, feeding 
Camomile seed, description, occurrence in clover and grass seed... . 
Camphor, use as protection against mosquitoes 
Campion seeds, description, occurrence in clover and grass seeds. . . 
Cane sugar, analysis, and alcohol yield per ton 
See also Sugar cane. 
Canned peaches, grades 
Canners, fruit, description 
Cannery, relation to peach growing 
_ sugar corn, wastes, alcohol yield per ton 
Canning fruit, equipment for farm 
industry, peach, extent and location 
peaches on the farm 
principles 
Cans, peach, description, prices, etc 
Carbolic-acid emulsion, formula, and use against onion maggot 
Carrot, wild, seed, adulterant of alfalfa seed..................-.---- 
description, occurrence in farm seeds 
Cassava, sweet, composition, and alcohol yield 
Catchfly seed, description, and occurrence in alfalfa and clover 


Catmint seed, description, occurrence in clover seed 

Cats, rabies 

Cat’s-ear seed, description, occurrence in clover and grass seed 
Cattle, liability to rabies 


Cedar oil, use as protection against mosquitoes 
Cereals, alkali resistance ; 


Cercospora personata, note 
Charlock, English, description of seeds, occurrence in farm seeds. . . 
Cheat seeds, description, occurrence in grain and grass seeds .....-. 


_ Cheese, cottage, defects 


Neufchatel, manufacture 
qualities 
Chess seeds, description, occurrence in grain and grass seeds 
Chickory seed, description, and occurrence in farm seeds 
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Chickweed seeds, description, occurrence in clover seeds 
Cinquefoil seeds, description, occurrence in clover and timothy 


8 

Citronella oil, use as protection against mosquitoes 

City family, farm management 

Claviceps purpurea. See Ergot. 

Cleavers seed, description, occurrence in grasses, millets, cereals, etc. 

Climate, suitable for cabbage 

Clover, alsike, seed, testing methods, occurrence of weed seeds, etc.. 
crimson, seed, testing methods, occurrence of weed seeds, 


use as green manure for barley 
hop, description of seed, occurrence in grass seeds 
Japan. See Lespedeza. 
A seed, adulteration 
testing methods, occurrence of weed seeds, etc. . 
seed, adulteration and testing 
characters of different species 
sweet, alkali resistance 
white, seed, testing methods, occurrence of weed seeds, etc. - 
Clubroot, cabbage disease : 
Cockle seed, description, and occurrence in farm seeds 
Comb honey, production, directions 
See also Honey. 
Concrete floors, danger for hog houses 
Condimental feeds, value and use 
Corsetrt, L. C., bulletin on ‘“Cabbage’’ 
Corn, analyses 
composition and alcohol yield 
kafir. Sce Kafir corn. : 
production in Southern States, 1900-1909, acreage, yield, 
WENO IOS S835 Sor eR i ee 
yield, value, etc., 1892-1909, Shenandoah Valley 
farm 
seed, testing methods, occurrence of weed seeds, etc 
sugar, cannery wastes, alcohol yield per ton 
yield, by five-year periods on tenant farm 
yields, comparison with other cereals, 1866-1905 
Cornflower, description of seed, occurrence in farm seeds 
Cotton, alkali resistance 


Cottonwood, alkali resistance 
Couch grass seeds, description, occurrence in grain and grass seeds. . 
Cover crop, value of barley 
Cowpeas, use as green manure for barley cp 
Crab-grass seeds, description, occurrence in farm seeds 
Creamery, relation to marketing eggs 
Cresol solution, formula, and use against poultry lice 
Crimson clover, use as green manure for barley crop 
Crop rotation, oats with other crops, value 
Shenandoah Valley farm, methods 
rotations, four-year and five-year systems, description. ....... 
with lespedeza 

Cropping systems, four-field and five-field, description 
Crops, alkali land, choice 

relation of bees 

requirements of water on rich and poor soils 
Culex spp., breeding habits 
Culicide, Mimms, formula, and use against mosquitoes 
Curculio, plum, description, history, habits, injury to fruit, ete. . -. 

7 occurrence in orchards, aed methods, etc 


Curing onion seed heads and sets 434 10, 18-19. 
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Dairy farms, rotations with lezpedeza, etc 441 13-14 
Daisy, oxeye, description of seeds, occurrence in clover and grass 428 22 
428 22 
yellow, description of seed, occurrence in timothy seed.... 428 28 
Dalrymple, Dr. W. H., report on control of anthrax in Louisiana.. 439 14 
Darnel seeds, description, occurrence in grain 428 18 
DORE DMN; GIRO WON i sn oa Be wae wir gee ee Chee 446 13, 32 
Denaturants for alcohol, list, and regulations for use 429 9 
Derr, H. B., bulletin on “‘ Barley culture in the Southern States’’. 427 1-16 
“Barley: Growing the crop’’ 443 1-48 
Distillation, alcohol, details and implements 429 28-29 
Distillery, denatured alcohol, regulations and governmental control 429 
District of Columbia, rabies, management 449 
Dock seeds, description, occurrence in grain and grass seeds 428 
Dodder, clover, adulterant of alfalfa seed, note 428 
flax, aduiterant of flax seed, note. ........ 2.2.0.2... -ea ene 428 
seeds, description, occurrence in farm seeds..........----- 428 
Dog fennel seed, description, occurrence in clover and grass seed... 428 
I RRR nes Pie pee i ai cei ate Ree see Bie alormaig Ue 449 
DIE cnet les 2 ase ote Wo Sulu es bod owe ea Lae dh nane me e 449 
Drag, plank, construction, use on farm 427 
POUEIEY, SMMEMILCO, «REI U 9 6 a5 sa wield nin Sa dpa eran, sciin aoe Ramona eA 443 
grain sorghums, studies...................-.-.- 448 
Dar RAISINS OIMIISUIIN noe eae ssc acs boas eee ede ees conten 435 
Durra, description, use, acreage, yield, etc 
See also Sorghum, grain. 
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Dysentery, bees, causes and symptoms.................-.-2---2-00- 


Eggs, marketing through the creamery 
usual method 
prices obtained by creamery marketing 
Ergot, barley disease, description, control methods, etc 
Erysiphe graminis. See Mildew, powdery. 
Bucatyptus, SIM TaMa RUMIRURIIO Oo os 55 Ss es svc pees cake 
Experiment Station Work, LXI 


or 
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Fallowing, usefulness in dry conditions...............-...-..-+---- 
False flaxseed, description, occurrence in farm se 
Farm, Arlington Experimental, growing barley, varieties........... 
buildings, Shenandoah Valley farm, description, etc 
garden, description, profits, etc....................-------- 12-14 
home, family labor, division...............--..-- SS aipneeemiaae td 11-12 
inventories, various years, Shenandoah Valley farm 17-18 
management, by city family 1-28 
tenant, terms of rental, and live-stock management 9-11 
*Farmers, southern, statements concerning barley 14-15 
Farming, tenant, a system and its results : 1-20 
Farms, dairy, rotations with lespedeza, etc 13-14 
Feed, use of peanut vines for stock 26 
uses of barley 11-12 
Feeding, stock : 7-10 
Feeds, condimental, value and use ‘ 7-8 
receipts for condimental mixtures 8 
Feldspar, fertilizer value 5 
Fermentation, alcoholic, theory and practice 21-22, 27 
preparation of solutions, malting and mashing 23-27 
Fertility, soil, relation to water requirements of crops 5-6 
Fertilizer constituents required by corn, wheat, and clover 15-17 
use in barley growing, formula, etc 16 
wheat 8,16 
o-7 
cabbage 7-8 
comparison of standard with unusual kinds 5 
kinds, methods of use, etc., Shenandoah Valley farm. . . 16 
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varieties, use in barley growing............-.......---- 443 13-16 
Fescue, meadow, adulterant of grass seeds.................-..----- 428 7 
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nC ENE NI oo oe ae cee caabbaes 428 8 
testing methods, occurrence of weed seeds, etc........- 428 45 

Fiercuer, W. F., and H. P. Gouxp, bulletin on ‘Canning peaches 
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Forget-me-not, description of seed, occurrence in clover and grass 









ARR Ee a a ae ins ssn Opie ed nap aun CRS Aeia a aXe bE 428 26 
Foul brood, American and European, symptoms and treatment.... 442 8-19 
Foxtail seeds, description, occurrence in farm seeds................ 428 23 
Frenchweed seeds, description, occurrence in grain and flax seeds.. 428 20 
Frotey, J. W., and C. Beaman Smiru, bulletin on ‘‘A system of 

Renna SORE’ INC SEO PORN os ok opis oe tn ne Seco one cues 437 1-20 
Fruit, canning peaches on the farm..............-..--+-+2--2++--- 426 1-26 

protection by lime-sulphur sprays.........--.....--.-.-.-.-- ' 485 14-16 
spraying blossoms, danger to bees................-.-.------ 442 7 
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Fungicide, lime-sulphur, making and use...............--.----.-. 










Garden, Shenandoah Valley farm, description, profits, etc. ........ 7 2 
Geranium, wild, description of seed, occurrence in clover and grass 



















(RAPER SARS SSE SES cea sae lll dae einen: rapliseedee aber Ear 428 25 
Germany, alcohol manufacture from potatoes, advantages.......... 429 20 
Germination test, seeds, methods..................----2------e-es 428 30-31 
Goosefoot seeds, description, occurrence in farm seeds.............. 428 24 
Goutp, H. P., and W. F. Fiercuer, bulletin on “‘Canning peaches 
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sorghum belt, area, climate, agricultural development, etc... 448 5-8 
CROUM, TUNPROVOMIOME. © 6. 0. occ wcercecersenvcesce 448 1-36 

varieties, introduction, history, uses, acreage, yield, 

OE Se TAA IR AEs ag a NRE aN 448 8-15 

yield increase, methods, studies, etc. .............. 448 23-31 

sorghums, improvement methods.................-.---+---- 448 15-17 
varieties, yield increase, studies.................. 448 23-31 
Grains, composition and alcohol yield. ..............---..--+----- 429 16-17 
small, growing for hay on alkali soil.......................- 446 15, 16, 
26-28, 32 
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Grasses, alkali resistance 


“Green bug,’’ injury to barley, note 

manure. See Manure, green. 
Gromwell, corn, description of seeds, occurrence in farm seeds 
Gumweed seeds, description, occurrence in alfalfa seed 
Gypsum, effect on black alkali 


Harlequin cabbage bug, control ; 
pe od a a aa ee sai ses pour tees 
time, methods, etc 
cabbage 


lespedeza hay and seed 
Ghin smathods. time, oferils ios Se I ee ae 
onion seed 


peanut 
Hawkweed seed, description, occurrence in alfalfa and clover seed. . 
Hay, analyses of different crops in South 


oat, value, yield per acre, ete 
peanut, value as feed 
value of barley 
Healall seed, description, occurrence in clover and grass seed 
Hedges, alkali-resistant 
Helminthosporium graminum,. See Yellow-leaf. 
Hessian fly, injury to barley, note 
Hides, contagion, source of anthrax 
Hitman, F. H., bulletin on “ Testing farm seeds in the home and in 
the rural school” 
Hives, bee, disinfection after disease 
WOMMMETR ES cece ew ee ewe Letbinn aewe seats cew bade 
Iloeing, usefulness in dry season 
Hog cots, individual, description, cost, etc 
MOUBOIE SS 5 eed dics oc a bod oie VEEN ROMERO RAE On ap een Ee 
varieties, description, cost, etc 
Hogs, fattening on peanuts 
Honey, adulteration, law 
comb, production 
extracted, production 
from contaminated combs, disposal 
infected, spread of bee disease 
PROGUCION; RGCHONES 56) <4 ass. 0. pew gd nese ecu ee Sin 
Hordeum spontaneum. See Barley. 
Hotbed, tomato plant 
Howarp, L. O., bulletin on “ Remedies and preventives against 
mosquitoes” 
“ Some facts about malaria” 
Hydrophobia, See Rabies. 


Implements, farm, Shenandoah Valley farm, cost, ete 

Industrial alcohol. sources and manufacture...,...........--..---- 
Inoculation; soil, for lespedeza. .. . 20085 eU5 1. ool cee 
Insects injurious to barley 


oat crop in South 

peanut, remarks 
: tomato, suggestions for — 

nspection, apiary, importance to beekeeping...........- 

Cntautesteune’ regulations, dininensdcloteel distillery 
Towa silo, construction and cost 
Irrigation, barley growing, experiments, comparative yields, ete... 
aslo of Wight bee dispase, NOG... 2. cea ve erie ees cues tenes 
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Japan clover. See Lespedeza. Bulletin No. Page. 


Jimson weed powder, use for smudge against mosquitoes 444 


Kafir corn, composition, comparison with amare seed 429 
description, use, acreage, yield, etc............--------------- 448 
See also Sorghum, grain. 


21, 22, 23, 

31, 32, 33, 

34, 35, 36 
Kearney, Tuomas H., bulletin on ‘“‘The choice of crops for alkali 

446 
Kentucky blue-grass seed, adulteration, note. . siweiwiewas teats eee 
Kerosene, use in control of canes. sat asia OTT LE 444 
Kerosene-soap emulsion, use against cabbage aphis................ 433 
Knotweed seeds, description, occurrence in flower and grass seeds.. 428 
Kowliang, description, use, acreage, yield, etc 
See also Sorghum, grain: 


Labor, employment system, cost per year, etc., Shenandoah Valley 


arm 
Lady’s-thumb seeds, description, occurrence in farm seeds 
Lambs, market grades 
Lamb’s-quarters seeds, description, occurrence in farm seeds....... 
Lard, grades 
Larvicide, mosquito, formula used in Panama 
Lava rock, fertilizer value 
Lavender oil, use as protection against mosquitoes............-...-- 
Law, denatured alco ol, June 7, 1906, and amendment, text 
Laws, bee... Sasi A yo vaeetaets 
Lead, arsenate, use in. spraying peac hes, methods. 
Leaf-spot, peanut, di 
Leguminose, alkali resistance 
Lespedeza harvesting for hay and for seed 
history, description, and uses. Wate chia Parcs s altak 
seed, yield, harvesting, cleaning, ian Re aed ey 
striata. See Lespedeza. 
Lice, poultry, destruction by use of powder 
powder, formula for making 
Lime, burning on the farm....... 
need in cultivation of peanuts... 
use in barley growing 
oat production in South 
on barley soils 
Limestone, use on sour land 
Lime-sulphur, fungicide, making and use 
self-boiled, use for scale insect control, method, ef- 
fect, ete . 
in control of brown-rot, ‘scab, and cur- 
culio of peaches 10, 12-13, 
21-40 
solutions, kinds, formulas, and uses 13-14, 15 
Live stock, feed, value of oats ; 27-29 
management and feeding, tenant farm 10-11 
Shenandoah Valley farm, ~ahepesae 4 ame area, etc . 
Louisiana, anthrax scourge and control...... a baa ae 
Lyssophobia, pseudo-rabies, remarks on case 


Machine handling, adaptability of grain sorghums 
Machinery, cost, etc., Shenandoah Valley farm 
es eld, description of seed, occurrence in alfalfa, clover, and 


Maggot, — control 
Maize. See Corn 
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mosquitoes pia keh 3a = in Se wai ie qin tener a SiR REN Ie ONE Rely aiken 
ROMPEIOR RIE CED. 6 cs «5 5 oso Sn rene a nee 404s shar ncaee 
Malting process in alcohol manufacture, Aetna ick 58k 5 50s nike Se 
Manure, barnyard, objections to use in onion growing. ...........- 
ue crops, value to alksli Ms CAcciolvey ove tne ee 


Manures, green, FOE WAG 226 tids 5 Lacithiaw ccaae se ees RAEN Ape 
Faas ee dig 4s OE EOE 


eggs through CHG CEORINGEY 5 ois 5 2s cova aces se jase 
UOC UO osc i oe dS oie ecisin on Res Heat 
Marl, use as substitute for lime in peanut growing................-. 
Maryland, tenant farming, a system and its results. ..............- 
Mashing process in alcohol manufacture, details................... 
Mayweed seed, description, occurrence in clover and grass seed. ... 
McNarr, A. D., and W. B. Mercrer, bulletin on ‘‘Lespedeza or 
PARR OM odes ek, sath ak vasa pun znyoabuua Mitaeependak ee 
Meadow fescue. See Fescue, meadow. 
Mowh, market: clagees and ermlloe, .o26-. 03 6e Foes satanswedend shia 
tPRTIAOLINNION: OF UNIO: 6 56 9555s sx Go. Sih aweawus dd made 
Mercier, W. B., and A. D. McNair, bulletin on ‘‘Lespedeza or 
MERINO aii oy ose SRS sta 6 bo Ge at «Bad a SRA Rosy a ee 
Mildew, powdery, barley disease, description, etc............-..--- 
Seite, aki, wee in feeding calves... .. 2. . 6.662 sc sens noe nisicnieipnims 
SIMMERING OF IRDIEN ns 5.25. as nc song Canecoeeenls ee 
Millet seed, testing methods, occurrence of weed seeds, etc......... 
MUNG, GEES WOMMRORNIOG oii. Saale owidis o Bo oa bas caawutean? SeoEe 


Milo, description, use, acreage, yield, etc.......-.....-..--------- 
See also Sorghum, grain. 


MouLeER, Joun R., bulletin on ‘‘ Rabies or hydrophobia’”’ eS 
Moisture, soil, relation to alkali resistance of plants...............-. 


Molasses, analyses, and alcohol yield per ton........-...---.---+---- 


Mosquito bites, protection against, and remedies.............-..--- 
larvee, destruction by treatment of breeding places. . 

traps, directions for RR nceteteen pnalsth pig eabiies 

Mosquitoes, breeding habits and places.......-.....----.--------- 

MMR naib ic claret scasksiokeck dats apeamiik donates eae 

remedies and preventives........-.-----+-+---+++++++ 

Moth, angoumois grain, injury to barley, control. ...........-...-. 

stored grain, description, control 

WMOUHOUE, CCC... oo. <5. os os nbsaie ny 

Mustard seeds, description, occurrence in grain and flax seeds....... 

Wile, actulterant.of Tape; Note... 2-6... 52<p5 ~nmspenitionsia-é 

Mutton, market classes and MIG S Se Sock «5k os. sang eee eee 

Muzzling dogs for prevention of rabies. ........-...-.-.------++-- 


Rew York cabbage 6008: ROG. 65 5 ~<4:2)< nin ten See + aes sp eha be = 
Nitrogen extraction by lespedeza...........--.0.seeeee eee eeneeees 

gathering, usefulness of peanut plant...............--.-.- 
Briese crop; MalUe Of DALICY 25. « o..:0:5(- dss vin 5 3. dae awish o's emow eid bind 


Oat straw, value as stock feed, etc....... 2.2... eeceee ee ceeeeceees 
Oats crop, improvement, methods............---.-2-++----+++++-- 
fe ing UN oi ani 3m 3-5: nrn Sia sis, on. tide NA A a et aa 
production, Southern States, 1900-1909, acreage, yield, value, etc 
comparison with corn 
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436 
testing methods, occurrence of weed seeds, etc 
seeding, a of spring and fall 
sowing with barley, experiments, yields, etc..................- 
spring seeding 
use in alcohol manufacture, limitations 
value as hay, pasture, cover crop, nurse crop, etc 
wild, description of seeds, occurrence in grain and grass seeds. . 
winter, for South 
yields, comparison with other cereals, 1866-1905 
Oil, peanut, manufacture and use 
Onion bulbs for seed, production, selection, and care 
growing, tools, description 


seed and sets, home production 
See also Seed, onion. 

sets. See Sets, onion. 

smut, description and control 

thrips, control 
Onions, “‘top,’’ propagation and use 
Orchard grass seed, adulteration, note 

testing methods, occurrence of weed seeds, etc.. 
Shenandoah Valley farm, description, care, yield, etc 
Oxtongue seed, description, occurrence in European alfalfa and 
clover seed 


Panama, mosquito destruction, larvicide used 
Paralysis, bees, description 
Pasteur institutes, rabies treatment, results, etc 

investigation of anthrax, and vaccination experiment 
Pasture crop, value of barley 
Pasturage, value of lespedeza............ pee Ce apc Seana a ai car 
Peach, brown-rot, nature, cause, injury, control methods, etc... -... 


. canning, principles 
scab, economic importance, nature, cause, control methods, 


Peach-canning industry, extent and location 
PCOS: DANO MENNOR oes os 8 EN St 
marketing 
canning, handling and preparation of fruit 
on the farm 


poor grades, canning for market 
spraying for brown-rot, scab, and curculio, control........ 
Peanut, ciimatic requirements 
cultivation, harvesting, marketing, etc 
ene sas Cree ESS ESR Gay A schaele vaale ie 
THEDIUS, DOUDRR RR oe eee ORS Cae ee 
map showing area in United States............-....-...--- 
Peanuts, varieties, descriptions, etc 
Peas, Canada field, alkali resistance 
Pennsylvania, cabbage area 
Pennycress seeds, description, occurrence in grain and flaxseed.... 
Peppergrass, field, description, occurrence in farm seeds............ 
seeds, description, occurrence in gardens, meadows, etc. 
Petroleum, use in control of mosquitoes..................--- et 
Pures, E. F., bulletin on ‘‘ Bees” 
‘“‘The treatment of bee diseases”’ 
a a rock, use in barley growing 
Pickler onions, description and use 


Pigs, housing, cost per litter 
Pigweed sso, description, occurrence in farm seeds. ............. 
puapernel, red, description of seed, occurrence in alfalfa and grass 


Page. 
19 

45 
6-9 
42 

24 

17 
29-30 
18 
1-32 
4} 

33 
6-7 
15, 16 
23 
1-24 


22-23 
23-24 
21 

7 
38-39 
14-15 
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Plantain, rat-tail, description of seeds, occurrence in clover and grass 


WOOGIE, 5.5... sin vn. sin caeieeek ous Jac eeube va lau own 428 
seed, description, occurrence in alfalfa, clover, and grass 
WOOD wabaiiso ts ae hoes uae. o ctibC aed . Se aes Vane. seein 428 
Plants, disease symptoms... .. eno. ccesccnscccsccscccennes 430 
Plowing, preparation of land for barley crop. ..............--.---- 427 
tame, depth, ote., for peanuts. . 20.2.2) does Sake 431 
Plum curculio, description, history, habits, injury to fruit, etc....... 440 
Pomegranate, Siiais SUOMI «cin. oe. ck ox 622 ansSo- uk sheik 446 
Pork, market classes and grades... .. 2.261.005... 2. sk decease ee deeel’e 435 
Potash, availability in fertilizers, remarks...................-.--- 430 
Potatoes, composition and alcohol WOME esis 3.2 Cees ode dEae 429 
sweet. See Sweet potatoes. 
Poultry feed, use of grain sorghum, formula, etc................-.. 448 
PEI SEIN coc iisccixnte das cnscnenangaaxneos Uae 435 
Poverty weed seed, description, occurrence in alfalfa seed.......... 428 
Primrose, evening, description of seed, occurrence in clover and 
Gundy Meéd.-. 88. 55. ws See Las Shed we Sa eos wesw ae See eS 428 
PUCUCIO-TRUIS, TOMALES OF CORD. < - oic..s osnes ence cca ss eseaseeeoees 449 


Puceinia graminis hordei. See Rust, barley. 
simplex. See Rust, barley. 
Pyrethrum powders, use as smudge against mosquitoe8............. 444 


Quack grass seeds, description, occurrence in grain and grass seeds. . 
QuainTance, A. L., and W. M. Scorr, bulletin on ‘‘Spraying 


peaches for the control of brown-rot, scab, and curculio”........ 440 
Queen bees, introduction into hive.............--....-.-------- o> Hae? 
CERDAIDE, WHO DRAINS TADIATIN 65 oon oso 2 os boii loch eo Cases deelaeat 5 


Rabies, a: ta ORES OE OTL es OT OLE eT ES TTS. 


differential ean a sess Ue EL Sea ate oe Ee Sena 
diswibution and prevalence... ..0< 625. soca nee cess 2 ae 
TRURIEEY OF CRG GIBOONO ois ois ss 555s ns one a np eae 449 
nature, symptoms, eradication, etc..............-----.---- 449 
ON ESCs Nec wcln cola niswid-n i a aan ga nah mate 449 
post-mortem APPearTANCes. .... 5. eee eee e cence 449 
prevention and eradication............05.-2-.2--eeeceeees 449 

449 


SCOURS a ds win oe hands Cds Sansa saaanaleasnissee aummennee 
Ragweed seeds, description, occurrence in grain and red cloverseeds. 428 


TIRE, SRMUE TOMINUNMIEDS 22 Sa pia HOU oe, Oso sk cece han eee eee 


seed, testing methods, occurrence of weed seeds, etc......-.-- 


Redtop and lespedeza, combination for hay............--.-.--+--- 
seed, testing methods, occurrence of weed seeds, etc.......-. 428 
Rice, alkali resistance and value as reclamation crop.........------ 446 
Roots, composition and value in alcohol manufacture............-- 429 
Rotation, barley with other crops, yields, etc................--+-+- 443 
crop, four-year and five-year systems, description......-. 437 
peanuts with other crops..............---2++-+++- 431 
Rotations, lespedeza, corn, oats, and cotton, directions. ..........-. 441 
Roughage, fertilizing value when returned to soil............-..--- 437 
Russian thistle seeds, description, occurrence in alfalfa and flax seeds 428 
Rust, barley, causes and prevention..........-....2--...--0+--0-- 427 
description, control methods, etc..........-...------ 443 
uty to cakorep im Mouth os Foto i ena e swap eee 436 
Rye, oo osition and use in alcohol manufacture. ...........----- 429 
yields, comparison with other cereals, 1866-1905............-- 443 
Rye-grass, English, adulterant of grass seeds..............--..----- 428 
Salad, wild corn, description of seed, occurrence in clover.......... 428 
Saltbush, wild, description of seeds, occurrence in alfalfa.......... 428 


Saltbushes, alkali resistance, and value as soil indicator ........-.. 446 
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Salt-grass, alkali resistance, and value as soil indicator 446 
Sand-bur seeds, description, occurrence in alfalfa seed 
Sawyer, H. E., and H. W. Winey, bulletin on ‘‘Industrialalcohol”. 429 
Scab, peach, economic importance, nature, cause, control methods, 

te 


Schools, rural, testing farm seeds, etc 
Sclerotinia fructigena. — Brown- rot, peach. 
Scorr, W. M., and A. QUAINTANCE, bulletin on Spraying 
peaches for the control of brown- rot, scab, and curculio” 
Screens against mosquitoes, directions for use 
Sedge seeds, description, occurrence in grass seeds 
See , adulteration, WII er ees ok Seed bee A 
barley, pure, introduction and distribution 
cabbage 
lespedeza, harvesting, cleaning, and yield 
onion, for onion-set growing 
rowing, harvesting, curing, and thrashing 
ome production 
quantity per acre, and methods of sowing 
yield per acre, and value 
peanut, selection, improvement, and planting 
sorghum. See Sorghum seed. 
tests, purpose 
trade, conditions 
value, determination methods 
Seeding barley crop 
time, rate, method, depth, etc 
winter oats in South, time, method, rate, etc 
RR NEN PUMINION Go os ee os ngewe kc ome be d's manda ok seen 
testing in the home and in the rural school 
forage crop, distinguishing characters 
kinds especially needing testing 
leguminous, characteristics 
of noxious weeds found in farm seeds 


testing, apparatus and methods 


educational value 
Seedsmen, Southern, statements concerning barley 
Serum, anthrax, preparation and use 
Sets, onion, growing, soil preparation, planting, cultivation, har- 


storing and shipping 
yield per acre 
Sewerage, Shenandoah Valley farm, tile distribution, etc........... 
Shenandoah Valley farm, descri tion, field arrangement, etc 
Shepherd’s-purse seeds, description, occurrence in alsike and 
clover seed 
Silo, construction of vitrified clay building blocks................ Ss 
Siruping canned peaches, directions 
Skim milk, use in calf feeding 
S.Locum, Ros R., bulletin on ‘Marketing eggs through the 
creamery ” 
Samira, C. BEAMAN, and J. W. Frorey, bulletin on ‘“‘A system of 
tenant farming and its results” 
Smudges, use as protection against mosquitoes.............-..---.- 
SS PRI, CORIO os oo son Since ls ouinwekucaaheueseenceras 
description, control methods, etc...........-.-.-.-- 
injury to oat crop in South 
onion, description _ control 
Soil, — en aptable 


ie salt-grass and saltbushes, value 
moisture, relation to alkali resistance of DS oo ce Sees 
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INDEX. 


Soil, peanut, discussion 
preparation for barley crop 
treatment, effect on barley yield 
Soiling crop, value of barley 
Soils, adaptability for barley growing 
oat production in South, ete 
adaptation to onion seed and sets 
barley growing, suitable 
fertility, relation to water requirements of crops. ...........- 
sour, managment for barley crop 
Sorghum, analyses, and alcohol yield per ton 
saccharine. alkali resistance. 0.5. sR 
value as reclamation crop 
seed, composition, comparison with Kafir corn 
use in alcohol manufacture 
porgrume: Gimals vocstanees So 


improvement methods. ..... 1... ean sc snesese 
varieties, introduction, history, uses, acreage, yield, 
value, ete 
yield increase, studies. ...............- 
Sorgo. See Sorghum, saccharine. 
Sorrel seeds, description, occurrence in farm seeds. .......-.....-.- 
Sotol, analysis result 
NN. ORME CUNREPO S's o 555 Deke e ssh avan ws tauelegeer eb eswe seen 
Southern States, winter oats, production 
Spiny sida seed, description, occurrence in clover and grass seeds. . 
Spray, lime-sulphur, self-boiled, preparation and use, formula, 
methods, etc 
Spraying fruit blossoms, danger to bees................--------.-- 
peach orchards, benefits, schedule of applications, etc. ... 
peaches, for brown-rot, scab, and curculio control 
varieties, experiments, etc., 
Spurge seed, description, occurrence in red clover seed 
Spurry, wild, description of seeds, occurrence in clover seeds....... 
Stable manure. See Manure. 
Starch sources, value in alcohol manufacture 
Sticktight seeds, description, occurrence in farm seeds 
Stills, alcohol, description 
Stock feed, condimental, home preparation 
use of grain sorghum, methods, etc 
Storage, cabbage 
Stork’s-bill seed, description, occurrence in alfalfa, clover, and grass 


Sugar beets. See Beets. 

corn. See Corn, sugar. 

necessity in alcohol manufacture 

See also Cane sugar. 

Sulphur, fumigation against mosquitoes..........--..-..-----+++-- 
Sunflower, wild, description of seeds, occurrence in alfalfa seeds. . . 
Sunshine tables, directions for using in hog houses..............-.-- 
Swarming, bee, directions 
Sweet potatoes, composition and alcohol yield. .............------ 


Tamarisk, alkali-resistant hedge plant 
Tenant farming, a system and its results 
Tctanus, drmerences from TADICS. - 2. So. oa net cee ne se bee 
Thistle, — description of seeds, occurrence in alfalfa and flax 

seeds 

seeds, description, occurrence in farm seeds 
Thrashing barley 
methods, etc 

ee Mn oS ee cee ec en pew hergs soa eee 
Thrips, onion, control 
Tillage, methods, Shenandoah Valley farm 
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443° «11-18 
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434 7, 12-13 
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429 13-14 
446 14, 15,31 
446 ~—«:16, 31 
429 17 
429 17-18 
446 =—-:14, 15, 

20, 31 

1-36 
448 15-34 


448 8-15 
448 23-31 


428 23 
429 11 
427 1-16 
436 1-32 
428 25 


440 33-35 
442 7 
440 3540 
440 140 
440 2140 
428 25 
428 25 


429 15-20 
428 26 
429 28-29 
430 8 
448 10-11 
433 17, 20-23 
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Timothy seed, adulterant of alsike clover seed 
redtop seed, note 
testing methods, occurrence of weed seeds, etc 
Toadflax, rough-leaved, description of seed, occurrence in imported 
clover seed 428 

ORGS SONNE. DRONES SO os oS o's Saige s sian os Wein Bede as wEKe Lead Ce 435 

plants, growing 435 

variety for canning, characteristics. ................-.-.-- 435 
Tomatoes, growing for canning factory 435 
Tools, peanut growing 431 
Top-minnows, mosquito destruction 444 
Toxoptera graminum. See Grain-aphis. 
PRIUS. CUMING = o's oa ss wu Speed Mai edd eiaw'a & aratsiepna'es 433 
Traps, mosquito, directions for making 444 
ete, MNEGO: BIKRII TORISIATICO . 2. 6 ws os. Sag nd pe wes accion e005 Se 446 
Trefoil seed, description, occurrence in alfalfa and grass seeds... .. -. 428 

yellow, adulterant of alfalfa and red clover seed, note 428 
RHEE, CRUD A AMUURNO BIOWINE oo oso sic ee cece commie buipeeienss 433 


Ustilago hordei. See Smut, barley. 
nuda. See Smut, barley. 


Vaccination, anthrax, value as preventive 

Vaccine, anthrax, preparation and use...................--.20+0- 
Veal, market classes and grades ‘ 

Vegetable crops, alkali resistance 

Ventilation, hog houses, methods 

Vervain seed, description, occurrence in clover seed 

Vetch seed, testing methods, occurrence of weed seeds, etc 

MONIIN? MINNA PONUURTIOR 20. oc 5c soo oa eos cts vhs os'ssce ebay eecs 


Virginia, cabbage area 433 


Warsurron, C. W., bulletin on “‘ Winter oats for the South” 436 
Warren, J. A., bulletin on ‘‘Hog houses”... ..................4.-. 438 
Wasueurn, Henry J., bulletin on ‘“‘ Anthrax, with special reference 

to its suppression’”’ : 439 

Washington, D.C. See District of Columbia. 

Water barrels and tanks, protection against mosquitoes 444 
quantity required for crops on rich soil and on poor.......... 435 
receptacles, care of, for prevention of mosquito breeding 444 
supply, Shenandoah Valley farm 432 

Watermelon, alcohol yield per ton 429 

Wax, bees’. Sce Beeswax. 

Weed seed, adulterants of forage crop seed, occurrence, description, 


Weeds, control methods in winter oat fields.....................-- 436 
destruction, value of barley crop ba 
Weevils, barley, control 427 
injury to stored grain, description, control methods, etc... 443 
Wheat, composition and alcohol yield, limitations in use ‘ 
production, Southern States, 1900-1909, acreage, yield, value, 
436 
yield, cost, profit, etc., 1892-1909, Shenandoah 
Valley farm 432 
seed, testing methods, occurrence of weed seed, etc 428 
yield, by 5-year periods on tenant farm 437 
yields, comparison with other cereals, 1866-1905............ 443 
Whitewashing, value for hog houses 438 
Wild carrot, adulterant of alfalfa seed, note 428 
See also Carrot. 
Wuey, H. W., and H. E. Sawyer, bulletin on ‘‘Industrialaleohol”. 429 
Willow, golden, alkali and cold resistance 
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Windbreaks, trees adaptable to alkali soils 446 = °30, 32 
Wintering bees, preparation 447 40-42 
Witch-grass seeds, description, occurrence in farm seeds 428 23 
Wood ashes. See Ashes. 
Wood lot, use and value as pasture as 432 15 
Worms, cabbage, control 433 10 


Yeast, nature, and use in fermentation 429 22-23 
Yellow-fever mosquito, habits... 444 5, 10 
Yellow-leaf, barley disease, description, etc 4433 d+ 
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